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ZINC 

Physical  Properties 

Zinc  possesses  a  white  colour  with  a  bhiish  grey  tinge,  and 
a  high  k;stre  on  a  freshly  fractured  surface.  It  crystallises  in  the 
cubical  system.  The  nature  of  the  fracture  depends  upon  the 
temperature  at  which  the  metal  was  poured,  and  is  independent  of 
the  subsequent  rate  of  cooling;  it  is  coarsely  lamellar  when  the 
fluid  metal  was  heated  to  redness  before  pouring,  but  fine  grained 
when  it  is  cast  at  its  melting  point. 

The  specific  gravit}^  of  unrolled  zinc  is  6"861  according  to  Brisson, 
69154  according  to  Karsten,  7149  according  to  Matthiessen.  Zinc 
cast  at  its  melting  point  and  slowly  cooled  has  a  specific  gravity  of 
7"145  according  to  Bolley,  and  of  7'128  according  to  Rammelsberg ; 
whilst  when  cast  at  a  red  heat  and  cooled  slowly,  it  is  7"  120 
according  to  the  former,  and  T'lOl  according  to  the  latter  observer  ; 
if  cast  at  its  melting  point  and  cooled  rapidly,  it  has,  according  to 
the  former,  a  specific  gravity  of  7"158,  and,  according  to  the  latter,  of 
7'147;  whilst  the  respective  results  obtained  from  zinc,  poured  at  a 
red  heat  and  cooled  rapidly,  are  7"109  and  7"037.^  Its  specific  gravity 
is  raised  from  7'2  to  7'3  by  rolling. 

At  ordinary  temperatures,  zinc  is  so  brittle  that  ingots  and  slabs 
are  readily  broken  ;  between  100°  and  150°  C.  it  becomes  so 
malleable  that  it  can  be  rolled  into  thin  sheets  and  drawn  into 
wire ;  at  200°  C.  it  again  becomes  so  brittle  that  it  can  be  pounded 
into  poAvder. 

Berthier  found   that  a  wire   0'002  m.  in  diameter  broke  with  a 
load  of  12  kilos ;  according  to  Karmarsch  the  tenacity  of  cast  zinc 
is  197'5  kilos,  and  that  of  sheets  and  wire  between  1315  and  1560 
^  Stolzel,  Metallunjie,  Brunswick,  1874,  p.  752. 
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kilos  per  square  centimetre  (2,809  lbs.,  18,703  lbs.  and  22,188  lbs.  per 
square  inch  respectively). 

According  to  Regnault,  the  specific  heat  of  zinc  is  009555  for 
temperatures  between  0°  and  100°  C. 

Zinc  expands  by  ^^^  of  its  length  when  heated  from  0°  to  100°  C. 
According  to  Calvert  and  Johnson,  the  coefficient  of  linear  expansion 
of  hammered  zinc  is  0002193, 

The  conductivity  of  zinc,  silver  being  taken  at  1000,  is  281 
according  to  Wiedemann  and  Franz  ;  that  of  cast  zinc  is  between 
608  and  628,  and  that  of  rolled  zinc  641,  according  to  Calvert  and 
Johnson. 

The  electric  conductivity  of  zinc,  silver  being  taken  at  100,  is 
24*06  according  to  Becquerell,  2739  according  to  Matthiessen,  and 
29*90  according  to  Weiller.^ 

Zinc  melts  at  412°  C.  according  to  Daniell,  and  at  434''  according^ 
to  Person.  It  volatilises  at  bright  redness,  its  boiling  point  being 
891°  C.  according  to  Becquerell,  1040°  according  to  Deville  and 
Troost,  and  929*6°  according  to  VioUe;  silver  (melting  about  954°  C.) 
does  not  melt  in  zinc  vapour.  Zinc  vapour  can  be  condensed  to 
fluid  zinc  by  cooling ;  the  more  diluted  it  is  with  air,  the  more 
difficult  is  this  vapour  to  condense.  When  the  temperature  of  the 
vapour  falls  below  the  melting  point  of  zinc,  it  solidifies  in  the  form 
of  powder,  forming  what  is  known  as  zinc  fume.  According  to 
Lynen,-  the  zinc  vapour  produced  in  the  extraction  of  zinc  from  its 
ores  condenses  between  415°  and  550°  C.  According  to  Hempel,^ 
zinc  vapour,  formed  by  the  reduction  of  zinc  white  in  the  blast 
furnace,  was  not  condensed  from  the  gases  accompanying  it  until  the 
temperature  had  fallen  below  470°. 

When  heated  in  the  air  to  its  boiling  point,  zinc  burns  with  bright 
greenish  and  bluish  white  flame  to  zinc  oxide. 

Commercial  zinc  is  generally  rendered  impure  by  the  presence  of 
lead,  cadmium  and  iron,  and  in  many  cases  also  of  small  quantities 
of  tin,  copper,  arsenic,  sulphur,  carbon  and  chlorine. 

The  effect  of  the  impurities  contained  in  the  zinc  upon  the 
properties  of  the  latter  has  been  investigated  by  Karsten  *  and  by 
Eliot  and  Storer.^ 

'  Joiirii.  Franklin  Inst.,  April,  1892,  p.  263. 

-  Zinc  distillation  furnace  with  common  condensing  chamber.     London,  1893. 

3  Berg.  u.  Jliitt.  Zt<j.,  1893,  No.  41,  42. 

*  Karsten's  Archie,  1842,  vol.  xsn.,  p.  597. 

'  "  On  the  impurities  of  commercial  zinc  with  reference  to  the  residue  insoluble  in 
dilute  acid,  to  sulphur  and  to  arsenic."  Memoirn  Am.  Acad.  Arts  and  Sciences.  New 
scries,  vol.  viii.,  180U. 
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Lead  is  present  in  naost  varieties  of  commercial  zinc.  Karsten 
found  the  proportion  in  Silesian  zinc  to  vary  between  0"24  and  2'oG 
per  cent.  Eliot  and  Storer  found  only  0*079  per  cent,  of  lead  in 
New  Jersey  zinc,  and  none  at  all  in  zinc  from  Pennsylvania  reduced 
from  the  silicate. 

The  amount  of  lead  that  zinc  can  take  up  varies  with  the 
temperature,  being  greater  the  higher  the  temperature.  According 
to  the  most  recent  researches  on  this  subject,  of  Roessler  and 
Edelmann,  zinc  takes  up  1'7  per  cent,  of  lead  at  its  melting  point 
and  5'6  per  cent,  at  650°  C.  If  more  lead  is  present  than  corre- 
sponds to  the  temperature  of  the  metal,  the  excess  separates  out  in 
the  liquid  state.    • 

A  considerable  proportion  of  lead  makes  zinc  tender;  with  \h  per 
cent,  of  lead,  it  can  still  be  rolled  without  cracking,  but  becomes 
softer  and  more  tender.  It  can  even  be  rolled  with  3  per  cent,  of  lead, 
but  shows  the  above  characteristics  more  markedly.  Before  zinc  is 
rolled,  lead  is  removed  from  it  as  completely  as  possible  by  remelting 
the  metal  and  allowing  it  to  settle. 

Cadmium  occurs  in  most  varieties  of  zinc,  because  this  metal  is 
present  in  most  zinc  ores.  As  cadmium  is  considerably  more 
volatile  than  zinc,  it  is  only  to  be  found  in  very  small  amounts  in 
commercial  zinc.  According  to  some  experiments  of  Mentzel  in 
1829,  at  the  Lydognia  Works  in  Upper  Silesia,  cadmium  would  seem 
to  diminish  the  softness  of  zinc  as  soon  as  it  is  present  in  certain 
proportions.  In  the  small  amounts  in  which  it  exists  in  commercial 
zinc,  it  has  no  injurious  effects  upon  the  properties  of  the  latter. 

Iron  may  be  contained  in  zinc  to  the  extent  of  several  per  cent, 
but  rarely  exceeds  0"2  per  cent.  The  highest  proportion  of  iron 
found  by  Kai'sten  was  0*24  per  cent.,  and  by  Percy^  1*64  per  cent. 
Eliot  and  Storer  found  0'21  per  cent,  of  iron  in  New  Jersey  zinc, 
and  0"05  to  0"07  per  cent,  in  sheet  zinc  from  Berlin.  Oudemans 
found  in  a  difficultly  fusible  substance  with  white,  lustrous,  hackly 
fracture,  which  collected  in  iron  kettles  in  which  zinc  had  been  kept 
molten  for  many  weeks,  4'6  per  cent,  of  iron.  In  small  quantities^ — 
up  to  0*2  per  cent,  according  to  Karsten — iron  does  not  affect  the 
properties  of  zinc;  in  larger  proportion,  however,  it  renders  the  zinc 
hard  and  unfit  for  rolling. 

Tin  has  only  been  found  by  Eliot  and  Storer  in  American  zinc 
from  New  Jersey  and  English  zinc  made  by  Vivian  and  Co.,  of  Swansea. 
According  to  Karsten,  1  per  cent,  of  tin  renders  zinc  brittle  at  those 
temperatures  at  which  it  would  otherwise  be  malleable. 
^  Metallurgy.     First  Division,  1861,  page  590. 
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Copper  was  only  found  by  Eliot  and  Storer  in  New  Jersey  zinc. 
Karsten  found  that  ^  per  cent,  of  copper  makes  zinc  harder  and 
brittle,  so  that  it  showed  ragged  edges  on  rolling,  and  could  not  be 
rolled  without  cracking. 

Arsenic  occurs  in  small  quantities  in  many  varieties  of  zinc  ;  it  has 
not  been  observed  to  have  any  effect  upon  the  properties  of  the 
latter.  Nothing  is  known  as  to  the  influence  of  larger  quantities  of 
arsenic. 

Sulphur  could  not  be  detected  by  Karsten  in  any  of  the  numerous 
samples  of  zinc  examined  by  him.  On  the  other  hand,  Eliot  and 
Storer,  as  also  Alfred  Taylor,  found  small  amounts  of  sulphur  in 
a  large  number  of  varieties  of  zinc.  No  investigations  have  been 
made  as  to  the  effect  of  sulphur  on  the  properties  of  zinc  ;  the  small 
amounts  found  in  zinc  seem  not  to  affect  the  latter. 

Carbon  was  found  by  Jacquelain  in  very  small  proportion  (0'003 
percent.)  in  one  variety  of  zinc ;  RodwelH  found  sulj^hate  of  lead, 
carbon  and  a  trace  of  iron  in  the  black  residue  that  remains  when 
commercial  zinc  is  dissolved  in  sulphuric  acid.  It  cannot  be  deter- 
mined whether  this  carbon  is  dissolved  in  the  zinc  or  mechanically 
mixed  with  it.  Such  a  small  proportion  of  carbon  seems  not  to  affect 
the  zinc  in  the  least,  whilst  nothing  is  known  as  to  its  action  in 
larger  quantities. 

Chlorine  has  been  detected  by  C  Kllnzel  in  a  Belgian  zinc  that 
was  prepared  from  the  dross  of  galvanised  iron,  in  quantities  of  0'2 
to  03  per  cent.  ;  this  zinc,  which  contained  only  traces  of  lead  and 
iron,  could  not  be  rolled. 

Chemical  Properties 

Zinc  is  not  affected  in  dry  air  at  ordinary  temperatures ;  in  damp 
air  in  the  presence  of  carbon  dioxide,  it  becomes  coated  with  a  layer 
of  hydrated  basic  zinc  carbonate,  which  layer  is  sufficiently  dense  to 
protect  the  metal  beneath  it  from  any  further  atmospheric  action. 

The  massive  metal  is  not  attacked  at  ordinary  temperatures  by 
water  free  from  air,  but  in  the  presence  of  air  and  carbon  dioxide  it 
is  changed  into  the  above-named  basic  carbonate. 

When  zinc  is  heated  in  the  air,  it  takes  lire  at  a  temperature  ap- 
proaching redness  (at  505°C.  according  to  Daniell),  and  burns  with  a 
luminous  greenish  and  bluish  white  flame  to  zinc  oxide,  which  in  part 
floats  as  an  incrustation  upon  the  surface  of  the  molten  metal,  and  in 
part  appears  as  a  snow-white  flocculent  body  (lana  pliilosophica). 

'  Chem.  News,  January,  1861,  No.  57. 
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Zinc  decomposes  water  at  a  red  heat,  and  is  transformed  into  zinc 
oxide  with  the  evohition  of  hydrogen.  Zinc  in  a  very  fine  state  of 
division  exerts  a  very  feeble  decomposing  action  upon  water  even  at 
ordinary  temperatures  ;  this  action  is  favoured  by  the  j^jresence  of  acids 
and  alkalis. 

Zinc  is  soluble  in  most  acids.  In  dilute  sulphuric  and  hydro- 
chloric acids  it  dissolves  with  the  evolution  of  hydrogen,  the  rate  of 
solution  being  more  or  less  rapid  according  to  the  molecular  condition 
and  purity  of  the  metal.  According  to  Bolley,  zinc  melted  at  a  low 
temperature  dissolves  more  slowly  than  when  melted  at  a  red  heat. 

Chemically  pure  zinc  dissolves  more  slowly  than  metal  contaminated 
with  small  amounts  of  impurities  (Fe,  Cu,  Pb).  According  to  I'Hote,^ 
pure  zinc  is  not  attacked  by  dilute  sulphuric  acid.  The  difficult 
solubility  of  chemically  pure  zinc  in  acids  is,  according  to  Werren,- 
due  to  the  fact  that  the  metal  becomes  surrounded  by  a  film  of 
hydrogen  the  moment  it  is  dipped  into  the  acid  ;  on  boiling,  this  film 
is  torn,  and  the  zinc  dissolves.  Zinc  dissolves  readily  in  cold  nitric 
acid,  because  the  latter  oxidises  the  hydrogen  evolved.  The  solubility 
of  zinc  in  sulphuric  acid  is  promoted  by  the  addition  of  chromic  acid 
and  of  hydrogen  peroxide.  Impure  zinc  dissolves  readily  in  acids, 
because  the  hydrogen  is  evolved,  not  from  the  zinc,  but  from  the  more 
electronegative  foreign  metals. 

Zinc  is  converted  by  carbon  dioxide  into  zinc  oxide  at  a  red  heat, 
carbon  monoxide  being  formed. 

Aqueous  solutions  of  the  alkalies  attack  zinc  with  the  evolution  of 
hydrogen,  but  much  more  slowly  than  do  acids.  The  action  is  more 
energetic  when  the  zinc  is  in  contact  with  iron  or  platinum  so  as 
to  form  a  galvanic  couple.  Zinc  is  thus  easily  dissolved  in  potash  lye 
when  contained  in  an  iron  vessel. 

Zinc  precipitates  all  the  malleable  heavy  metals  except  iron  and 
nickel  from  their  solutions  in  the  metallic  state.  Conversely  it  is  not 
precipitated  as  metal  from  its  solutions  by  any  metal  that  is  permanent 
in  the  air  at  ordinary  temperatures. 

Sulphur  combines  with  zinc  at  a  red  heat,  producing  zinc  sul- 
phide ;  the  combination  is,  however,  imperfect,  because  the  zinc,  even 
when  in  fine  powder  and  intimately  mixed  with  powdered  sulphur, 
is  protected  by  the  superficial  layer  of  the  infusible  sulphide  thus 
formed.  Zinc  can  be  converted  completely  into  sulphide  by  rapid 
heating  with  cinnabar,  as  also  by  fusion  with  potassic  sulphide. 

By  fusion  with  litharge,  zinc  is  converted  into  oxide,  whilst  the 
oxide  of  lead  is  reduced  to  metal. 

ComiJtes  Bendus,  1885,  101,  p.  1153.         -  Ber.  d.  Chem.  Ges.,  1891,  24,  p.  1785. 
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By  fusion  with  alkaline  carbonates,  zinc  is  converted  into  oxide 
with  the  evolution  of  carbon  monoxide.  When  it  is  similarly  treated 
with  alkaline  sulphates,  zinc  sulphate  together  with  zinc  oxide  are 
formed,  sulphur  dioxide  being  evolved.  Zinc  unites  with  phosphorus 
at  a  red  heat  in  various  proportions  to  form  phosphides  of  zinc. 

Zinc  unites  with  arsenic  in  all  proportions  at  a  moderate  tem- 
perature, alloys  of  the  two  metals  being  produced.  The  more  arsenic 
it  contains,  the  more  difficultly  fusible  does  the  zinc  become ;  alloys 
containing  large  proportions  of  arsenic  are  absolutely  infusible. 

Zinc  forms  alloys  with  a  large  number  of  metals. 

Chemical  Reactions  of  Zinc  Compounds  that  are  of 
Importance  in  the  Extraction  of  the  Metal 

Zinc  Oxide  (ZnO) 

Zinc  forms  only  one  compound  with  oxygen,  namely  zinc  oxide  ; 
this  occurs  in  nature  as  zincite.  Artificially  it  is  prepared  by  burning 
zinc,  by  heating  finely  divided  zinc  with  nitre,  potassic  chlorate  or 
arsenic  acid,  by  igniting  zinc  carbonate,  hydrate,  sulphate  or 
nitrate,  and  by  the  oxidising  roasting  of  zinc  sulphide. 

It  forms  a  white  or  pale  yellow  powder,  which  becomes  lemon - 
yellow  on  heating,  but  regains  its  white  colour  on  coohng. 

Zinc  oxide  is  infusible  by  itself,  and  is  unaffected  at  temperatures 
that  are  not  excessive,  but  is  volatile  at  a  strong  white  heat. 
According  to  experiments  of  Stahlschmidt,^  pure  zinc  oxide  is  percep- 
tibly volatile  even  at  the  melting  point  of  silver;  at  the  melting  point 
of  cojDper  its  volatility  is  more  marked  (15  per  cent.).  At  a  white 
heat  it  volatilises  rapidly. 

Zinc  oxide  is  insoluble  in  pure  water.  Acids  dissolve  it  readily, 
as  also  do  solutions  of  caustic  potash  and  soda,  ammonia  and  ammonic 
carbonate.     With  sulphurous  acid  it  forms  zinc  sulphite. 

Although  zinc  oxide  is  a  strong  base,  it  nevertheless  combines 
also  with  other  bases  (with  the  alkalies  and  with  alumina).  It  com- 
bines with  water  to  form  zinc  hydrate,  which  is  reconverted  into 
oxide  on  heating. 

It  is  reduced  to  metal  by  carbon  and  carbon  monoxide  at  a  bright 
red  heat.  According  to  llempel's  -  experiments,  reduction  commences 
at  a  temperature  below^  the  boiling  point  of  zinc,  and  is  complete  at 
a  temperature   above  it,  between  bright  redness  and  a  white  heat. 

1  Btry.  u.  Iliitt.  Zt<j.,  1875,  p.  G9.  -  Ibid.,  1893,  Nos.  41  and  42. 
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When  reduced  by  means  of  carbon,  carbon  monoxide  is  formed;  wlien 
reduced  by  carbon  monoxide,  carbon  dioxide  is  evolved.  The  former 
gas  is  without  action  on  zinc  at  any  temperature,,  the  latter  oxidises 
it  at  a  red  heat.  The  quantity  of  zinc  oxidised  in  any  given  case  by 
a  mixture  of  carbon  monoxide  and  dioxide  would  seem  to  depend  on 
the  one  hand  upon  the  ratio  in  which  these  gases  are  present,  and  on 
the  other  hand  upon  the  temperature.  (See  the  reduction  of  zinc 
oxide  by  hydrogen.) 

When  zinc  oxide  is  heated  with  a  sufficient  quantity  of  carbon  to 
its  reducing  jDoint,  zinc  is  first  reduced  by  the  carbon.  The  carbon 
monoxide  thus  formed  itself  reduces  the  oxide  of  zinc,  becoming 
thereby  converted  into  carbon  dioxide.  The  latter  has  no  opportunity 
of  oxidising  the  zinc,  because  it  is  straightway  reduced  to  carbon 
monoxide  again  by  the  red  hot  carbon.  As  long,  therefore,  as  a 
sufficiency  of  red  hot  carbon  is  present,  zinc  and  carbon  monoxide 
alone  are  produced.  Any  small  amount  of  oxide  produced  by  the 
oxidation  of  zinc  is  reduced  again  to  metal  by  the  carbon  and  carbon 
monoxide.  These  reactions  would  seem  also  to  take  place  in  the 
production  of  zinc  from  zinc  oxide  on  the  large  scale.  As  carbon 
monoxide  thus  acts  as  a  reducing  agent,  a  very  intimate  mixture  of 
zinc  oxide  with  the  carbon,  or  a  very  fine  state  of  division  of  these 
bodies,  is  unnecessary. 

Zinc  oxide  produced  by  the  dead  roasting  of  zinc  blende  is  more 
difficultly  reducible  than  that  formed  by  the  calcination  of  the 
carbonate. 

Hydrogen  reduces  zinc  oxide  to  zinc  at  a  red  heat ;  the  water 
vapour  thus  produced  oxidises  the  zinc  again  to  a  greater  or  less 
extent.  According  to  the  experiments  of  Deville  ^  and  Dick,^  zinc 
chiefly  is  obtained  when  a  considerable  quantity  of  hydrogen  is  passed 
in  a  rapid  stream  over  the  red  hot  oxide,  %vhilst  almost  all  the  zinc  is 
again  oxidised  when  a  slow  current  of  hydrogen  is  passed  over  the 
oxide.  The  oxidising  action  of  the  water  vapour  upon  the  zinc 
would  seem  to  depend  both  on  the  ratio  of  the  water  vapour  to  the 
hydrogen  and  on  the  temperature.  Deville  is  of  the  opinion  that 
temperature  is  the  essential  factor,  a  rapid  current  of  hydrogen 
causing  a  fall  in  temperature  that  is  not  produced  by  a  slow  one  ;  at 
this  lower  temperature  water  vapour  cannot  exert  the  oxidising  action 
that  it  does  at  the  higher.  Further  exjjeriments  are  needed  to 
decide  whether  this  view  is  or  is  not  the  correct  one. 

Sulphur    attacks    zinc    oxide    when    heated,   zinc    sulphide    and 
sulphur  dioxide  being  produced. 

^  Ann.  d.  Chini.  et  Phys.  (3)  vol.  xliii.,  p.  479.  -  Percy,  Op.  cit.  p.  535. 
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At  higli  temperatures  iron  ^  reduces  zinc  oxide  to  metal. 

Zinc  oxide  unites  with  silica  at  a  white  heat  to  form  silicates. 
Percy  -  found  that  the  bisilioate  could  not  be  made  to  fuse  at  the 
highest  white  heat,  whilst  the  monosilicates  and  the  lower  silicates 
fused  at  this  temperature  to  more  or  less  translucent  slags  of  whitish- 
to  greenish-yellow  colour.  According  to  Stelzner  and  Schulze,^ 
incrustations  of  silicates  of  zinc  often  form  on  the  exterior  of  zinc- 
distillation  muffles,  which  arc  permeated  by  zinc  vapours.  In  one 
case,  one  of  these  silicates  contained  :  ZnO,  56'11  per  cent. ;  FsgOg,  0'81 
per  cent. ;  SiO.,,  4'2"77  per  cent.  These  observers  found  in  the  blue 
jDortions  of  the  muffle  walls  a  zinc-alumina  spinel,  tridymite,  and  a 
glass  consisting  of  silicate  of  zinc. 

Zinc  oxide  combines  with  alumina  at  high  temperatures  to  form 
aluminates.  By  heating  an  intimate  mixture  of  zinc  oxide  and 
anhydrous  alumina  in  the  equiv^alent  proportions  of  1  :  G,  Percy^ 
obtained  a  grey  sintered  stony  mass  that  scratched  flint  glass.  In 
the  blue  portions  of  the  walls  of  vessels  used  for  distilling  zinc, 
Wohlfahrt,  Stelzner  and  Schulze  ^  found  a  blue  zinc-alumina  spinel, 
in  which  a  small  portion  of  zinc  oxide  was  replaced  by  ferrous  oxide, 
its  formula  being  ZuO  AI2O3,  and  its  composition — 

ZnO 42-60 

FeO 1-12 

AiPa 55-61 

9933 

When  heated  with  eight  times  its  weight  of  oxide  of  lead,  zinc 
oxide  melts  to  a  limpid  pale  yellow  fluid  ;  ^  when  from  six  to  seven 
times  its  weight  is  taken,  the  mass  becomes  pasty  ;  on  further  dimin- 
ishing the  proportion  of  oxide  of  lead,  difficultly  fusible  and  ultimately 
infusible. 

The  behaviour  of  zinc  sulj)liide  with  zinc  oxide  will  be  found 
under  Zinc  Sulphide. 

Zinc  oxide  melts  with  fixed  alkaline  carbonates  to  fluid,  colourless 
transparent  substances  as  long  as  its  weight  does  not  exceed  one- 
fifth  of  the  whole.'^ 

Zinc  oxide  is  dissolved  as  chloride  of  zinc  by  a  solution  of  ferric 
chloride,  an  equivalent  quantity  of  iron  being  precipitated  as 
hydrate. 

1  Percy.      Op.  cit.  p.  536.  2  Percy.     Op.  cit.  p.  536. 

^  Juhrb.  f.  Bery.  u.  Huttemvesen  im  Konif/reich  Sachsen,  1881.  Berg.  n.  HUtt. 
ZUj.,  1880,  p.  150. 

•»  Op.  rit.  p.  53!).  5  ^0^,  ^n^ 

«  Berthier,  vol.  i.,  p.  515.  "  Berlhier,  vol.  ii.,  p.  5(i7. 
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Zinc  Sulphide  (ZnS) 

Zinc  sulphide  occurs  iti  nature  as  zinc  blende.  This  compound 
can  be  produced  artificially  in  both  the  wet  and  the  dry  way.  In  the 
latter  it  is  obtained  by  heating  zinc  oxide  with  sulphur,  or  in  a  stream 
of  sulphuretted  hydrogen,  by  heating  zinc  filings  with  cinnabar,  by 
heating  zinc  filings  or  granulated  zinc  with  alkaline  polysulphides, 
and  by  heating  zinc  sulphate  and  carbon  to  a  white  heat.  As  already 
stated,  it  is  only  partially  formed  when  zinc  and  sulphur  are  heated 
together,  but  has  been  produced  by  repeated  compression  of  a  mixture 
of  these  two  substances. 

In  the  wet  way  it  is  produced  as  an  amorphous  white  powder  by 
precipitating  zinc  solutions  with  amnionic  sulphide  or  sulphuretted 
hydrogen. 

Sulphide  of  zinc  is  infusible  ;  according  to  experiments  of  Percy^ 
it  seems  to  be  perceptibly  volatile  at  high  temperatures. 

It  can  be  melted  to  a  certain  extent  with  other  metallic  sulphides, 
forming  a  regulus,  which  it  tends  to  render  difficultly  fusible.  It  also 
melts  to  some  extent  with  slags,  rendering  these  difficultly  fusible, 
unless  considerable  quantities  of  ferrous  oxide  are  present  in  them. 

When  pulverulent  zinc  sulphide  is  heated  to  redness  in  the  air, 
zinc  oxide  and  sulphate  form,  sulphur  dioxide  being  given  off.  When 
the  temperature  rises  to  cherry  redness,  zinc  sulphate  is  decomposed 
into  sulphur  trioxide,  sulphur  dioxide,  oxygen  and  basic  zinc  sulphate ; 
when  it  rises  still  further  to  a  full  red  heat  approaching  whiteness, 
the  last-named  salt  is  decomposed  into  zinc  oxide,  sulphur  trioxide,. 
sulphur  dioxide  and  oxygen. 

When  zinc  sulphide  is  heated  in  water  vapour,  zinc  oxide  and 
sulphuretted  hydrogen  are  formed  ;  this  decomposition  is,  however, 
imperfect,  and  requires  a  temperature  up  to  white  heat. 

When  zinc  sulphide  is  heated  with  carbon  or  in  carbon-lined 
crucibles  it  volatilises  completely  according  to  Percy,^  or  only  leaves 
behind,  if  it  was  ferriferous,  a  residue  of  ferrous  sulphide  free  from 
zinc.  It  is  not  stated  whether  the  zinc  sulphide  volatilised  un- 
changed or  whether  it  was  reduced  by  the  carbon  (with  the  formation 
of  carbon  disulphide),  in  which  case  metallic  zinc  must  have  been 
produced.     These  experiments  certainly  need  further  elucidation. 

Zinc  sulphide  heated  with  carbon  and  lime  produces  metallic 
zinc,  calcium  sulphide  being  formed;^  the  decomposition  is,  however, 
incomplete,  and  is  said  by  Berthier  to  depend  on  the  temperature. 

1  Op.  cit.  p.  5J:0.  -  Op.  cit.  p.  543. 

*  Berthier,  Tr.  d.  Essais,  vol.  ii.,  p.  570. 
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Iron  decomposes  zinc  sulphide  at  a  bright  red  heat,  with  the 
formation  of  ferrous  sulphide  and  zinc  vapour ;  it  is  probable  that  a 
small  amount  of  zinc  sulphide  will,  how^ever,  unite  with  the  iron 
sulphide,  and  thus  escape  decomposition. 

According  to  Perc}',^  tin  only  decomposes  zinc  sulphide  imperfectly 
at  bright  redness. 

Antimony  appears  not  to  decompose  zinc  sulphide,  according  to 
Percy's  experiments,^  and  lead  only  very  imperfectly.^  Copper  de- 
-composes  it,  according  to  the  same  authority,*  at  a  white  heat  w4th 
the  formation  of  a  copper  regulus. 

Hydrogen  has  no  effect  upon  zinc  sulphide,  according  to  Berthier.^ 
According  to  Morse,^  zinc  sulphide  can  be  apparently  sublimed  in  a 
current  of  hydrogen.  This  circumstance  is  said  to  be  caused  by  the 
reduction  of  the  sulphide  in  the  presence  of  excess  of  hydrogen  with 
the  formation  of  sulphuretted  hydrogen,  whilst  at  a  lower  temperature 
the  volatilised  metal  takes  the  sulphur  up  again  frum  tlie  latter  gas. 

According  to  Berthier,  zinc  oxide  and  zinc  sulphide,  when  heated 
together  in  any  proportions,  form  fusible  oxysulphides. 

Percy ''  deduces,  from  some  rather  imjDerfect  experiments,  that 
sulphide  and  oxide  of  zinc  mutually  decompose  each  other  at  high 
temperatures,  like  sulphide  and  oxide  of  copper.  With  suitable 
proportions  it  would  accordingly  be  possible  to  reduce  the  whole  of 
the  zinc  with  the  formation  of  sulphur  dioxide,  whilst  any  excess  of 
sulphide  or  oxide  would  remain  in  the  residue.  If  Percy's  deductions 
tire  correct,  considerable  quantities  of  zinc  might  thus  be  won ;  but 
his  experiments  requii'e  confirmation. 

Zinc  sulphide  and  cuprous  oxide  appear,  from  similarly  incomplete 
experiments  of  Percy's,^  to  decompose  each  other,  a  button  looking 
like  copper,  and  a  regulus  being  produced. 

Zinc  sulphide  and  litharge,  heated  together  in  suitable  propor- 
tions, decompose  each  other,  according  to  Berthier,^  the  products 
being  lead,  zinc  oxide  and  sulphur  dioxide.  If  the  zinc  oxide  thus 
formed  is  to  form  a  liquid  )nass  with  the  excess  of  lead  oxide,  there 
must  be  25  times  as  much  lead  as  zinc  oxide  present ;  in  these  pro- 
portions a  resin-like  glassy  slag  is  obtained.  By  heating  a  mixture  of 
24-08  grms.  of  blende  with  ooTS  grms.  of  litharge,  Berthier  obtained 
29-2  grms.  of  blackish-grey  hard  lead,  with  IvS  per  cent,  of  sulphur 

'  Op.  <■;/.  p.  rAii.  2  Op.  cit.  p.  o4.s. 

"  Op.  (It.  p.  543.  4  Op.  cit.  p.  544. 

^  Aiiuat(s(hH  Mines  (3),  vol    xi.,  ]).  40.  '•  Chon.  Zty.,  1881),  p.  179. 

'■  0]>.  (it.  J).  542.  8  Op.  cit.  p.  544. 

"  Oi>.  cit.,  vol.  i.,  p.  40;}. 
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and  0'8  per  cent,  of  zinc.  Above  the  lead  was  a  layer  consisting  of 
sulphides  and  oxides  of  lead  and  zinc  together  with  sulphur. 

Carbon  dioxide  has  no  action  upon  zinc  suljahide,  even  at  a  red 
heat. 

When  zinc  sulphide  and  nitre  are  heated  togethe^^  zinc  oxide  and 
potassium  sulphate  are  produced. 

By  fusing  alkaline  carbonates  with  zinc  sulphide  at  a  red  heat, 
mixtures  of  zinc  oxide,  zinc  sulphate  and  alkaline  sulphides  are 
obtained. 

Zinc  sulphide  and  lime  only  decompose  each  other,  according  to 
Berthier,^  in  the  presence  of  carbon.  By  heating  6'32  grms.  calcium 
carbonate  and  G'03  grms.  zinc  sulphide  to  a  very  high  temperature,  five- 
sixths  of  the  zinc  was  volatilised,  whilst  the  residue,  weighing  4'6  grms., 
contained  but  little  sulphide  of  zinc,  Percy  ^  heated  up  to  a  white 
heat  35  grms.  of  blende  with  35  grms.  of  lime,  without  carbon, 
in  a  lime  crucible  placed  inside  a  graphite  pot  and  separated  from 
it  by  a  layer  of  lime,  and  obtained  a  pale  brown,  porous,  imperfectly 
fused  mass,  weighing  27  grms. ;  the  latter  yielded  a  little  sulphide 
(calcium  polysulphide)  to  boiling  water,  and  dissolved  in  hydrochloric 
acid  with  the  evolution  of  sulphuretted  hydrogen,  the  resulting 
solution  containing  zinc.  The  above  experiment  does  not,  however, 
prove  whether  the  decomposition  of  sulphide  and  oxide  of  zinc  is  in 
any  degree  a  complete  one.  Attempts  have  been  made  to  utilise  the 
interaction  of  zinc  sulphide,  zinc  oxide  and  carbon  for  the  production 
of  zinc  on  the  large  scale,  but  have  been  given  up,  on  account  of  the 
imperfect  reduction  of  the  zinc  compounds. 

Zinc  Silicate 

This  compound  occurs  naturally  anhydrous  as  willemite  (Zn2Si04), 
and  hydrated  as  hemimorphite  (ZugSiO^-l-  HgO)-  As  already  stated,  it 
is  obtained  artificially  by  heating  zinc  oxide  and  silica  to  a  white  heat. 

By  heating  to  whiteness  with  carbon,  the  zinc  of  both  the  natural 
and  the  artificial  silicate  can  be  completely  reduced  to  metal. 
According  to  experiments  of  Percy,^  complete  reduction  is  also  ob- 
tained when  the  finely  powdered  silicate  is  heated  without  any 
admixture  of  carbon  in  carbon-lined  crucibles,  but  the  reduction  is 
imperfect  when  the  silicate  is  treated  in  fragments  of  the  size  of  peas 
in  such  crucibles. 

When  zinc  silicate  is  strongly  heated  with  carbon  and  lime,  the 
zinc  is  also  completely  reduced. 

^  Op.  cit.  vol.  ii.,  p.  570.  -  Op.  cit.  p.  546. 

^  Oj).  cit.  p.  537. 
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Zinc  Carbonate  (ZnCOg) 

This  compound  occurs  in  nature  as  smithsonite,  and  in  the  form 
of  a  basic  hydrated  salt  as  hydroziucite  (ZnCO^  +  2ZiiH,0^).  It  is 
produced  artificially  as  a  basic  hydrate  by  driving  off  the  ammonia 
from  a  solution* of  zinc  oxide  in  ammonium  carbonate. 

By  heating  zinc  carbonate  to  redness,  the  carbon  dioxide  is 
expelled,  zinc  oxide  remaining  behind ;  when  heated  with  carbon  or 
carbon  monoxide  up  to  the  reduction  temperature  of  zinc  oxide, 
metallic  zinc  is  produced. 

Zinc  Sulphate  (ZnSOJ 

This  salt  crystallises  as  ZnSO^  +  TH^O,  in  which  hydrated  con- 
dition it  occurs  naturally  as  goslarite.  It  is  prepared  artificially  by 
dissolvino-  zinc,  zinc  oxide  or  zinc  carbonate  in  sulphuric  acid,  as  also 
by  roasting  zinc  sulphide  with  access  of  air  at  the  lowest  possible 
temperature. 

On  heating,  zinc  sulphate  is  converted  into  zinc  oxide,  the  sulphur 
trioxide  being  evolved  partly  as  such  and  partly  splitting  into  sulphur 
dioxide  and  oxygen. 

Carbon  decomposes  zinc  sulpliate  on  heating ;  at  a  red  heat  a 
mixture  of  carbon  and  zinc  oxide  is  left  behind,  sulphur  dioxide  and 
carbon  dioxide  being  evolved  ;  at  a  higher  temperature  the  carbon 
reduces  the  zinc  oxide  to  metal.  If  on  the  other  hand  a  mixture  of 
zinc  sulphate  and  carbon  is  heated  sharply  to  whiteness,  zinc  sulphide 
and  carbon  monoxide  are  formed. 

A  solution  of  zinc  sulphate  is  decomposed  by  a  galvanic  current, 
zinc  sfoing  to  the  cathode,  and  the  acid  radical  to  the  anode. 

Zinc  Chloride  (ZnCla) 

This  salt  is  produced  by  dissolving  zinc,  its  oxide  or  its  carbonate 
in  hydrochloric  acid,  by  the  action  of  ferric  chloride  on  zinc  oxide, 
and  by  the  chloridising  roasting  of  zinc  sulphide.  The  salt  is 
volatile  at  a  red  heat.  Its  solutions  are  decomposed  by  the  galvanic 
current,  zinc  separating  at  the  cathode  and  chlorine  at  the  anode. 

Alloys  of  Zinc 

Zinc  alloys  with  many  metals,  for  example,  gold,  silver,  copper, 
lead,  nickel,  tin,  antimony. 

It  has  greater  affinity  for  silver  than  lead  has ;  silver  can  therefore 
be  extracted  from  molten  argentiferous  lead  by  the  aid  of  zinc.     A 
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mixture  of  various  alloys  of  lead,  zinc  and  silver  is  thus  produced, 
out  of  which  the  greater  part  of  the  lead  may  be  liquated.  If  both 
the  lead  and  the  zinc  are  free  from  copper,  whilst  a  small  proportion 
of  aluminium  is  added  to  the  zinc,  a  fairly  rich  zinc-silver  alloy  can 
be  obtained.  From  the  triple  lead-silver-zinc  alloy  the  zinc  may  be 
removed  by  distillation,  by  oxidation,  by  slagging,  and  by  treatment 
with  dilute  sulphuric  acid  ;  the  latter  method  can  also  be  used 
for  zinc-silver  alloys,  as  may  also  distillation  and  electrolysis. 

Zinc  is  therefore  used  for  enriching  poor  argentiferous  lead  and  for 
collecting  the  silver  in  alloys  of  either  lead,  zinc  and  silver,  or  of  zinc 
and  silver. 

By  heating  zinc  alloys  to  the  boiling  point  of  zinc,  the  latter  may 
be  vaporised  and  obtained  by  condensing  the  vapours. 

If  water  vapour  is  passed  into  a  red-hot,  molten  lead-silver-zinc 
or  lead-zinc  alloy,  it  is  decomposed  by  the  zinc  present,  hydrogen 
being  evolved  and  zinc  oxide  formed,  whilst  silver-lead  or  lead,  as 
the  case  may  be,  remains  behind. 

By  fusing  the  above  zinc  alloys  with  lead  oxide,  the  zinc  may  be 
separated  out  as  oxide. 

By  fusing  lead-zinc  alloys  or  lead-silver-zinc  alloys  with  common 
salt,  the  zinc  is  converted  into  chloride,  the  other  metals  remaining 
unchanged. 

By  the  aid  of  a  suitable  electrolyte,  with  a  proper  strength  of 
current,  zinc  may  be  electrolytically  dissolved  from  its  alloys  and 
thrown  down  at  the  cathode. 

Zinc  Ores 

The  most  important  ores  of  zinc  are  zinc  blende,  calamine  and 
hemimorphite.  The  other  ores,  hydrozincite,  zincite  and  franklinite, 
are  of  far  less  metallurgical  importance,  on  account  of  their  scarcity. 

Zinc  Blende  or  Sphalerite  (ZnS) 

Zinc  blende  forms  at  present  the  main  source  of  zinc  production. 
It  rarely  consists  of  pure  sulphide  of  zinc,  but  generally  contains 
sulphide  of  iron,  together  with  smaller  quantities  of  the  sulphides  of 
cadmium  and  silver  isomorphously  mixed  with  it.  Pure  zinc  blende 
contains  67  per  cent,  of  zinc.  The  ratio  of  iron  present  varies 
generally  from  1  per  cent,  to  18  per  cent. ;  that  of  cadmium  may  go 
up  to  3  per  cent. 

Zinc  blende  is  found  in  most  countries.  In  Europe  the  chief 
localities  are  Germany  (the  Harz,  the  Erzgebirge,  Silesia,  Westphalia), 
the    Rhine    district    (Hessen-Nassau    and    Baden),    Austro-Hungary 
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(Carinthia,  Hungary,  Tyrol  and  Bohemia),  Italy  (Sardinia,  Lombardy 
and  Piedmont),  Belgium  (Corphalie  and  Engis),  England  (Wales. 
Cornwall,  Cumberland,  Isle  of  Man,  Anglesea,  Denbighshire  and 
Shropshire),  France,  Spain  (Santander),  Sweden  (Ammeberg  and 
Copparberg),  Russia  (Allagin  and  the  Donetz  basin),  Greece. 
In  Africa,  Algeria ;  in  Australia,  New  South  Wales  (Broken  Hill)  ; 
in  Asia,  Siberia  (Altai)  ;  in  America,  the  L^nited  States  (New  Jersey, 
Missouri,  Pennsylvania,  Wisconsin  and  Coloriido),  Mexico  and  South 
America  (Huanchaca). 

Blende  is  frequently  accompanied  by  pyrites,  chalcocite,  galena 
and  various  arsenides  and  antimonides,  as  also  by  quartz,  calcite, 
dolomite,  siderite,  and  in  many  instances  by  mica,  chlorite  and 
hornblende. 

Calamine  or  Zinc  Spar  (ZnCO^) 

This  ore  was  formerly  the  chief  source  of  zinc.  At  present  a  great 
number  of  the  true  deposits  of  calamine  are  exhausted,  whilst 
others  that  carried  calamine  in  the  shallower  portions  have  passed 
into  blende  in  depth.  The  quantity  of  this  ore  that  is  treated  has 
hence  fallen  off  considerably. 

Calamine  is  rarely  pure  carbonate  of  zinc,  but  contains  as  a 
rule  the  isomorphous  carbonates  of  cadmium,  iron,  manganese, 
calcium  and  magnesium.  If  quite  pure,  it  would  contain  52  per 
cent,  of  zinc,  whilst  the  impure  ore  containing  other  carbonates  may 
have  under  40  per  cent,  of  zinc ;  the  proportion  of  cadmium  may  go 
up  to  several  per  cents. 

Calamine  occurs  in  Europe,  in  Germany  (Upper  Silesia,  Rhine 
districts,  Westphalia  and  Baden),  Austro-Hungary  (Carinthia), 
Belgium,  Russia  (Poland),  Greece  (Laurium),  Italy  (Sardinia),  Spain 
(Santander,  Granada,  Carthagena,  Almeria  and  Castillon) ;  in  America, 
in  the  United  States  (Missouri,  Virginia,  New  Jersey,  Tennessee, 
Arkansas  and  Pennsylvania)  ;  in  Africa,  in  Algeria. 

This  ore  is  generally  intermixed  with  clay,  brown  iron  ore,  red 
hsematite,  galena,  dolomite  and  calcite  ;  what  is  known  as  white 
calamine  contains  clay  as  its  chief  impurity,  whilst  red  calamine 
contains  anhydrous  and  hydrated  oxides  of  iron  and  oxide  of 
manganese. 

Electric  Calamine,  Hemimorphite  or  Zinc  Silicate 
(Zn^SiO^  +  H^O) 

This  ore  contains  53'7  per  cent,  of  zinc  when  pure,  and  is  often 
intermixed  with  the  last-named.     It  occurs  in  considerable  quantities 
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in  Altenberg  near  Aix-Ia-Chapelle,  in  Sardinia  (Iglesias),  Spain,  and 
the  United  States  of  North  America  (New  Jersey,  Pennsylvania, 
Missouri  and  Wisconsin). 

WiLLEMITE,    TllOOSTITE   OR   HeBETINE    (Zn^SiOJ 

This  ore  is  an  anhydrous  silicate,  and  occurs  with  calamine  in 
important  quantities  at  Altenberg  and  in  New  Jersey,  It  contains 
58  per  cent,  of  zinc. 

Hydrozincite  or  Zinc  Bloom  (ZnCOo  +  2ZnH202) 

This  ore  occurs  in  small  quantity  in  many  deposits  of  zinc  ore ;  it- 
is  abundant  near  Santander.     It  contains  57"1  per  cent,  of  zinc. 

ZiNCiTE  OR  Red  Zinc  Ore  (ZnO) 

This  ore  is  coloured  red  by  oxide  of  iron,  and  always  contains 
oxide  of  manganese,  the  proportion  of  manganese  going  up  to  12  per 
cent.  It  occurs  abundantly  in  the  State  of  New  Jersey.  When  pure 
it  contains  80'2  per  cent,  of  zinc. 

Franklinite  (3(FeZn)0  +  (FeMn)203) 

This  ore  occurs  with  zincite  in  New  Jersey;  it  contains  11  to  21 
per  cent,  of  zinc. 

Metallurgical  Products  containing  Zinc 

Besides  its  ores,  certain  furnace  products  form  sources  of  zinc 
extraction.  Among  these  are  the  so-called  furnace  calamine 
(furnace  deposits  obtained  during  the  smelting  of  lead,  copper,  silver 
and  iron  ores  containing  zinc,  and  which  are  largely  composed  of  zinc 
oxide),  zinciferous  flue  dust,  zinc  fume,  zinc  dross,  roasted  silver  ores 
containing  zinc.  Zinc  is  obtained  as  a  bye-product  in  the  treatment 
of  alloys  of  zinc  and  silver,  zinc,  silver  and  lead,  and  zinc,  silver, 
copper  and  lead. 

The  Extraction  of  Zinc 

Zinc  may  be  extracted  from  ores  and  furnace  products  by 
means  of : — • 

1.  The  Dry  way. 

2.  The  Wet  way,  up  to  a  certain  point  (combined  wet  and  dry 
way). 

8.  Electro- metal] urgical  methods. 
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Metallic  zinc  can  only  be  obtained  in  the  dry  way  and  electro- 
metallurgically.  As  zinc  cannot  be  separated  from  its  solutions  by 
means  of  any  of  the  metals  that  resist  ordinary  temperatures,  the 
-wet  method  only  admits  of  the  production  of  compounds  of  zinc 
(zinc  oxide),  from  which  the  metal  must  be  extracted  in  the  dry  way. 
Wet  methods  can  therefore  only  be  considered  as  accessory  processes 
in  the  dry  method  of  zinc  extraction. 

The  extraction  of  zinc  from  ores  and  furnace  products  in  the  dry 
way  is  performed  by  converting  the  zinc  into  an  oxide  (unless  it  already 
exists  as  oxide  or  silicate  in  the  ores,  or  as  an  alloy  in  furnace  products), 
followed  by  the  reduction  of  the  oxide  or  silicate  by  means  of  carbon. 
Furnace  products  which  consist  of  mixtures  of  zinc  oxide  and  metal, 
are  submitted  to  direct  reduction.  From  alloys  with  metals  less 
volatile  than  zinc,  the  latter  is  obtained  b\'  sim])le  distillation.  The 
direct  extraction  of  zinc  from  its  sulphide  by  heating  the  latter  with 
carbon  and  lime  has  not  proved  successful. 

The  extraction  of  zinc  by  the  combined  Avet  and  dry  methods  is 
performed  by  dissolving  out  the  zinc,  converting  the  zinc  in  solution 
into  an  oxide,  and  then  reducing  the  latter  by  means  of  carbon.  The 
electrolytic  extraction  of  zinc  is  performed  by  obtaining  the  zinc  in  the 
form  of  aqueous  solutions,  from  which  zinc  is  separated  b}^  means  of  the 
electric  current.  If  zinc  exists  in  the  form  of  alloys  the  latter  may  be 
used  as  anodes  in  the  electric  circuit.  Of  all  the  above  methods,  the 
dry  way  should  be  given  the  preference  whenever  the  ores  or  furnace 
products  are  sufficiently  rich  in  zinc.  In  spite  of  the  great  deficiencies, 
to  be  considered  below,  of  the  latter  process,  no  success  has  attended 
attempts  to  replace  it  advantageously  by  combined  wet  and  dry,  or 
electro-metallurgical  methods.  The  combined  wet  and  dry  method 
has  been  tried  experimentally  on  poor  ores,  but  has  hitherto  failed,  on 
account  of  a  number  of  defects  and  of  the  high  expense  attached  to 
it.  It  has  only  been  employed  definitely  in  cases  in  which  the  object 
was  not  the  extraction  of  metallic  zinc,  but  the  separation  of  zinc  from 
other  metals  or  metallic  compounds,  so  that  the  zinc  is  obtained  as 
a  bye-product  in  the  form  of  commercial  compounds,  such  as  sulphate, 
chloride,  basic  carbonate  or  oxide  of  zinc.  It  is  not,  however, 
quite  impossible  but  that  it  may  find  employment  in  zinc  extraction 
proper  as  an  auxiliary  to  the  dry  method  for  the  preparation  of  com- 
pounds rich  in  zinc  from  ores  or  products  poor  in  that  metal.  The 
electio-metallurgical  method  has,  up  to  the  present,  only  been  used 
on  an  experimental  scale,  and  with  varying  results  upon  zinc  ores 
proper,  containing  no  other  valuable  metal  except  zinc.  Although  the 
technical  possibility  of  this  process  has  been  proved  for  such  ores  by 
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continuous  operation  for  a  certain  time,  it  is  still  to-day  an  open 
question  whether  it  is  superior  to  the  dry  method.  It  can  be  used 
with  advantage  for  alloys  which  form  anodes  soluble  in  the  electric 
circuit.  It  has  also  been  used  recently  for  the  extraction  of  the  zinc 
from  pyritic  residues,  and  is  to  be  used  shortly  for  the  extraction  of 
zinc  from  intimate  mixtures  of  argentiferous  zinc  and  lead  ores  which 
cannot  be  completely  separated  by  dressing  (at  Broken  Hill,  N.S.  W.). 

Purification  of  Zinc 

The  zinc  that  has  been  obtained  by  the  dry  or  combined  wet  and 
dry  methods,  is  in  most  cases  contaminated  by  impurities,  such  as 
lead  and  iron,  which  interfere  with  the  technical  applications  of  the 
former  metal.  It,  therefore,  needs  a  previous  purification,  known  as 
refining.     This  refining  is  executed  in  the  dry  way. 


Extraction  of  Zinc  in  the  Dry  Way 

The  Extraction  of  Zinc  from  Ores 

The  method  of  extracting  zinc  in  the  dry  way,  which  has  been 
used  up  to  the  present  for  ores,  depends  upon  the  property  of  carbon 
and  bodies  containing  carbon  to  separate  metallic  zinc  from  the 
oxides  and  silicates  of  that  metal  at  a  high  temperature.  The  recent 
suggestions  to  decompose  sulphide  of  zinc  by  means  of  iron  ^  have 
not  yet  been  put  into  execution. 

The  ores  from  which  zinc  is  extracted  are  the  oxide,  silicate, 
carbonate  and  sulphide.  The  ores  consisting  of  oxide  and  silicate 
contain  zinc  in  a  combination  suitable  for  reduction.  Ores  containing 
the  carbonate  can  be  converted  into  oxide  by  simple  calcination ; 
those  that  contain  the  sulphide  by  means  of  an  oxidising  roasting. 
The  complete  reduction  of  oxide  of  zinc  only  takes  place  at  very  high 
temperatures.  It  begins  even  below  the  boiling  point  of  zinc  at  a 
moderate  red  heat,  but  is  only  complete  at  a  bright  redness  approach- 
ing a  white  heat.  It  is  therefore  necessary  to  increase  the  tempera- 
ture to  the  boiling  point  of  zinc,  so  that  the  zinc  is  separated  in  the 
gaseous  condition,  and  requires  to  be  condensed  to  fluid  zinc. 

The  chemical  reactions  in  extracting  zinc  from  its  oxide  and 
silicate  consist  in  the  formation  of  zinc  and  carbon  monoxide,  when 
the  former  compounds  are  heated  to  the  necessary  temperature  with 

1  English  Patent,  No.   5,029,   1887 ;  German  R.   Patent,  Biewend,  No.   81,358, 
August  7,  1894. 
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carbon.  Carbon  monoxide,  however,  also  has  a  reducing  action  upon 
the  oxide  of  zinc,  carbon  dioxide  being  produced.  Carbon  dioxide, 
which  oxidises  zinc  at  a  red  heat,  is  again  reduced  immediately  upon 
its  formation  to  carbon  monoxide  by  means  of  the  carbon,  which 
must  be  present  in  excess,  the  carbon  monoxide  thus  formed  again 
reducing  a  further  amount  of  zinc  oxide.  Oxidation  of  the  zinc  by 
carbon  dioxide  is  therefore  impossible  in  the  presence  of  a  sufficient 
excess  of  carbon.  It  is  unknown  to  what  extent  carbon  monoxide 
assists  in  the  reduction  of  zinc  oxide.  The  more  intimate  the 
mixture  of  zinc  oxide  with  carbon,  the  better  does  the  reduction  of 
the  former  take  place. 

The  gaseous  zinc  must  be  condensed  to  the  fluid  state ;  as  zinc 
vapours  are  oxidised  by  air,  water  vapour  and  carbon  dioxide,  they 
must  not  be  allowed  to  come  into  contact  with  these  gases.  The 
condensation  of  zinc  vapour  to  fluid  zinc,  which  forms  the  most 
difficult  portion  of  the  process  of  zinc  extraction,  only  takes  place 
between  definite  limits  of  temperature,  and  is  then  only  possible 
when  the  zinc  vapour  is  not  too  greatly  diluted  by  other  gases.  If 
the  temperature  falls  below  the  melting-point  of  zinc  (415°  C),  the 
zinc  vapours  condense  to  a  powder  known  as  zinc  fume.  If  the 
temperature  greatly  exceeds  550°  C,  the  zinc  remains  in  the  gaseous 
form.  If  the  zinc  vapours  are  mixed  with  foreign  gases,  their  con- 
densation to  fluid  zinc  is  thereby  rendered  more  difficult.  When  a 
certain  point  of  dilution  with  foreign  gases  is  reached,  the  zinc 
vapours  will  no  longer  condense  to  fluid  zinc,  but  form  zinc  fume 
on  cooling  down.  The  temperature,  at  which  zinc  vapours,  produced 
in  practice  by  the  reduction  of  zinc  oxide  by  carbon,  and  therefore 
diluted  with  carbon  monoxide,  will  condense  to  fluid  zinc,  lies  between 
415°  and  550  C.  The  necessity  of  employing  a  temperature  ex- 
ceeding the  boiling-point  of  zinc  in  the  extraction  of  that  metal,  the 
readiness  with  which  zinc  vapours  are  oxidised  by  air,  carbon  dioxide 
and  water  vapour,  and  especially  the  difficulty  of  condensing  into  a 
fluid  form  the  vapours  of  zinc  diluted  by  other  gases,  cause  the 
extraction  of  zinc  to  be  one  of  the  most  difficult  and  most  imperfect 
of  all  metallurgical  operations.  The  readiness  with  which  zinc 
vapour  is  oxidised  compels  the  process  of  reduction  to  be  carried  on 
with  the  exclusion  of  air.  The  high  temperature  required  for  the 
reduction  renders  necessary  the  employment  of  a  first-class  fire- 
resisting  material  for  the  construction  of  the  apparatus  of  reduction. 
The  latter  are  at  present  closed  vessels,  such  as  tubes  or  muffles, 
made  of  fireclay,  Avith  a  comparatively  small  capacity,  and  destroyed 
with  comparative  ease,  so  that  the  operation  is  attended  with  high 
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costs  in  fuel  and  labour.  As  it  is  not  possible  to  completely  con- 
dense zinc  vapours,  as  the  walls  of  the  apparatus  of  reduction  are,  to  a 
certain  extent  permeable  by  gases,  and  readily  fractured,  as  the 
material  of  the  retorts  always  retains  a  certain  quantity  of  zinc  in  the 
form  of  an  aluminate,  and  as  a  certain  quantity  of  metal  always  remains 
in  the  residues,  the  extraction  of  zinc  is  accompanied  with  considerable 
losses  of  metal — amounting  in  favourable  cases  to  about  10  per  cent, 
of  the  zinc  contents  of  the  ore,  and  in  some  cases  rising  to  25  to  30 
per  cent.  For  the  above  reasons,  ores,  the  percentage  of  zinc  in 
which  falls  below  certain  limits,  can  no  longer  be  treated  with  profit 
in  the  dry  way. 

It  is  therefore  intelligible  that  attempts  should  have  been  made 
for  a  long  time  to  improve  this  defective  process  of  zinc  extraction. 
The  process  of  distillation  can  only  be  avoided  by  means  of  elec- 
trolysis, because  zinc  is  not  precipitated  in  the  metallic  state  from  its 
solutions  by  any  metal  capable  of  existing  at  the  ordinary  tempera- 
tures, on  account  of  its  highly  electro-positive  character.  Up  to  the 
present,  however,  the  electrolytic  extraction  of  zinc  from  its  ores 
has  not  shown  any  superiority  to  the  process  of  distillation  as  now 
carried  on. 

The  numberless  attempts  to  conduct  the  extraction  of  zinc  oxide 
in  reverberatory  and  blast  furnaces  have  only  given  negative  I'esults 
as  far  as  regards  the  production  of  zinc  in  the  metallic  state.  By 
the  employment  of  reverberatory  furnaces  zinc  oxide  only  can  be 
produced  ;  by  the  employment  of  blast  furnaces  zinc  vapour  can 
certainly  be  produced  ;  the  latter  has,  however,  even  when  heated 
air  was  ernployed,  been  found  to  be  so  greatly  diluted  by  carbon 
monoxide  and  nitrogen,  that  it  was  impossible  to  condense  it  to  the 
fluid  state  :  only  zinc  fume  can  be  separated  from  it.  It  appears, 
therefore,  that  blast  furnaces  can  only  be  used  for  the  production 
from  ores,  of  intermediate  products  rich  in  zinc,  such  as  mixtures  of 
zinc  fume  or  zinc  powder  with  small  quantities  of  zinc  oxide,  from 
which  latter  the  zinc  can  only  be  obtained  by  treatment  in  retorts. 
Hence  it  happens  that  improvements  in  the  extraction  of  zinc  in  the 
ordinary  way,  apart  from  the  calcination  of  zinc-blende,  have  been 
confined  to  the  distillation  process  in  closed  vessels.  Many  such 
improvements  may  be  mentioned,  e.g. :  the  introduction  of  gas-firing, 
the  improvement  of  the  fireproof  material  of  the  vessels  employed, 
the  production  of  dense  vessels  by  means  of  pressure,  the  increased 
size  of  the  furnaces,  the  more  perfect  appliances  for  the  condensation 
of  zinc  vapour  and  for  the  removal  of  the  products  of  combustion 
from  the  interior  of  the  zinc  works. 

c  2 
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In  zinc  extraction,  as  now  practised,  we  have  to  distinguish : — 

1.  The  preparation  of  ores  for  the  process  of  reduction  by  calcining 
or  roasting. 

O 

2.  The  reduction  process  proper,  or  the  extraction  of   the  zinc 
from  the  calcined  ores. 

1,  Preparation  of  Ores  for  tfe  Process  of  Eeduction 

Zinc  ores,  which  contain  the  zinc  in  the  form  of  oxide,  require  no 
preparation.  Silicates  of  zinc  but  rarely  form  an  independent  object 
of  zinc  extraction,  as  they  generally  occur  together  with  calamine,  and 
are  therefore  treated  in  the  same  way  as  that  ore.  If  they  occur  by 
themselves,  they  have  to  be  calcined  for  the  removal  of  the  water, 
which  would  otherwise  exert  an  oxidising  action  upon  the  zinc  during 
the  process  of  reduction.  No  other  jDreparation  is  required,  because 
zinc  is  reduced  from  its  silicates  by  means  of  carbon.  Silicates  free 
from  water  require  calcination  only  to  make  them  tender ;  ores  of  zinc 
that  contain  the  metal  as  carbonate  and  sulphide — viz.,  calamine 
(including  zinc  bloom)  and  blende — must  be  converted  into  oxide 
before  they  can  be  reduced. 

Zinc  could  be  reduced  from  calamine  without  converting  that  ore 
previously  into  oxide ;  but  in  this  case  the  process  would  not  only  be 
seriously  delayed  by  the  expulsion  of  the  carbon  dioxide  and  water 
from  the  ore  and  the  loss  of  heat  thereby  occasioned,  but  the  products, 
carbon  dioxide  and  water  vapour,  would  exert  an  oxidising  influence 
upon  the  zinc  vapour  produced.  To  avoid  these  objections,  it  is 
absolutely  necessary  to  drive  off  the  water  and  the  ca,rbon  dioxide  from 
the  calamine  by  a  decomposing  roasting  known  as  burning  or  calcining. 
This  operation  also  possesses  the  great  advantage  of  making  the 
calamine  more  porous  in  structure.  The  reduction  of  zinc  is  hereby 
greatly  facilitated,  as  an  opportunity  is  afforded  for  the  carbon  mon- 
oxide to  penetrate  through  all  portions  of  the  calamine  thus  rendered 
spongy,  and  to  exert  its  reducing  influence  upon  it. 

Zinc  blende  must  be  converted  into  zinc  oxide  by  means  of  an 
oxidising  roasting  combined  with  a  decomposing  roasting  that  shall 
decompose  the  zinc  sulphate  formed. 

Crvshing  Zinc  Ores 

Of  the  above  ores,  zinc  blende  requires  for  its  perfect  calcination 
to  be  broken  down  to  0"U4  to  0*08  inch  mesh.  Such  crushing  is  also 
necessary  in  the  case  of  pieces  of  blende  which  have  been  previously 
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roasted  in  heaps,  stalls  or  shaft  furnaces  before  the  final  roasting. 
Whenever  the  blende  is  Qot  produced  in  the  form  of  concentrates  by 
dressing  works,  the  ores  are  crushed  in  rolls  or  edge  mills  after  being 
previously  broken  with  rock  breakers  in  case  of  need.  In  Upper 
Silesia,  Schwarzmann's  friction  rolls  have  been  found  to  be  exceedingly 
effective  and  durable.  As  calamine  can  be  burnt  in  lumps,  it  only 
needs  crushing  after  burning.  The  Belgian  method  of  zinc  reduction 
requires  more  complete  crushing  than  does  the  Silesian  method. 
For  hard  ores,  such  as  silicate  of  zinc  and  willemite,  rolls,  for  soft 
ores,  edge  runners,  ball  mills  and  disintegrators  are  employed.  When 
the  ore  has  thus  been  obtained  in  the  necessary  form,  it  has  to  undergo 
a  preliminary  treatment,  either  by  : — 

(a)  Burning  or  calcination  of  calamine. 

(b)  Calcination  of  zinc  blende. 

(a)  Burning  or  Calcining  of  Calamine 

The  object  of  this  process  is  to  remove  carbon  dioxide  and  water 
from  the  ore  and  to  make  it  more  porous.  If  other  bodies  containing 
water  and  carbon  dioxide  are  mixed  with  the  calamine,  the  water  or 
carbon  dioxide  must  be  driven  off  from  them  also.  This  object  is 
attained  by  heating  the  calamine  to  such  a  temperature  that  the 
carbonate  of  zinc  shall  be  decomposed  into  zinc  oxide  and  carbon 
dioxide,  which  temperature  umst  also  be  sufficient  to  decompose  any 
foreign  carbonates  present.  Calamine  gives  up  its  carbon  dioxide  at 
a  moderate  red  heat,  whilst  the  complete  decomposition  of  calcium 
carbonate  requires  bright  redness.  The  loss  of  weight  of  pure  zinc 
carbonate  on  complete  calcination  amounts  to  35 '5  per  cent. ;  when 
all  the  water  is  removed  from  silicate  of  zinc,  this  loses  7'5  per  cent. 
As  a  general  rule,  burnt  calamine  still  retains  more  or  less  carbon 
dioxide,  up  to  some  17  per  cent. 

As  the  zinc  oxide  produced  by  burning  calamine  gradually  attracts 
carbon  dioxide  from  the  air,  whilst  lime  does  so  rapidly,  it  is  necessary 
to  treat  burnt  calamine  soon  after  it  has  been  calcined,  but  imme- 
diately, if  it  contains  much  lime.  Calamine  may  be  burned  in  heaps, 
stalls,  shaft  or  reverberatory  furnaces.  As  a  rule,  burning  in  heaps 
and  stalls,  for  which  lump  ore  is  necessary,  is  to  be  avoided  on  account 
of  the  imperfect  decomposition  of  the  ore  and  the  great  waste  of  fuel. 
It  is  far  more  costly  than  the  roasting  of  sulphides  in  heaps  and 
stalls,  as  in  the  latter  case  the  greater  portion  of  the  heat  required 
for  the  operation  is  produced  by  the  combustion  of  sulphur,  whereas 
the  heat  required  to  remove  water  and  carbon  dioxide  from  calamine 
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can  only  be  iDioduced  by  the  combustion  of  extraneous  fuel.  Burning 
in  heaps,  with  Avood  for  fuel,  is  practised,  according  to  Thum,^  in  the 
north  of  Spain ;  burning  in  stalls,  according  to  the  same  authority,  in 
the  mountains  of  the  south  of  Spain,  where  wood  is  scarce.  As  a 
rule,  lump  calamine  should  be  burnt  in  ordinary  shaft  furnaces  or 
in  shaft  furnaces  fixed  by  means  of  external  grates,  crushed  ores  in 
reverberatory  furnaces.  The  grate-fired  shaft  furnace  has  this  advan- 
tage over  the  ordinary  shaft  furuace,  that  the  ashes  of  the  fuel  do 
not  intermix  with  the  burnt  ore,  as  is  the  case  when  fuel  and  ore 
come  into  direct  contact  inside  the  ordinary  shaft  furnace. 

Burning  Calamine  in  Shaft  Furnaces 

Calamine  can  be  burnt  in  ordinary  shaft  furnaces  with  a  com- 
paratively small  consumption  of  fuel,  about  3"6  per  cent,  of  the 
weight  of  the  ore.  This  method  admits  of  a  high  production,  and 
requires  but  little  labour;  it  has,  however,  the  objection  that  the 
burnt  ore  is  mixed  with  the  ashes  of  the  fuel.  If,  moreover,  the 
temperature  rises  too  high,  some  zinc  may  be  reduced.  The  fuels 
employed  are  lean  coals,  low  in  ash,  lignite  low  in  ash,  small  coke 
low  in  ash,  or  small  charcoal.  These  are  charged  in  layers  alter- 
nating with  layers  of  calamine  into  the  furnace.  Together  with  the 
lump  ore,  the  charge  may  contain  a  certain  amount — 15  or  20  per 
cent. — of  ore  fines. 

The  furnaces  do  not  differ  in  any  important  respect  from  lime- 
kilns. The  older  furnaces  have  boshes  and  heavy  retaining  walls. 
The  latter  can  be  replaced  with  advantage  by  a  casing  of  iron  plates. 
The  height  varies,  according  to  the  nature  of  the  ore,  from  10  to 
20  feet,  and  the  diameter  from  3  to  10  feet.  The  bottom  is  either 
flat,  or  provided  with  a  cone.  The  output  varies  according  to  the 
nature  of  the  calamine  and  its  impurities,  and  the  size  of  the  furnaces. 
It  is  lower  the  gi'eater  the  proportion  is  of  lime  and  zinc-blende. 
Under  favourable  circumstances,  Avith  large  furnaces  it  may  amount 
to  25  or  80  tons  per  24  hours.  The  fuel  consumption  also  varies  with 
the  impurities  of  the  ore,  and  may  lie  between  3  and  6  per  cent,  of  the 
weight  of  the  raw  ores.  Calamine  is  burnt  in  shaft  furnaces  in  Moresnet 
(Belgium),  Dortmund,  Laurion,  Lehigh  (Pennsylvania),  and  in  the 
district  of  Iglesias  (Sardinia).  At  Altenberg,  near  Moresnet,  a  mixture 
of  calamine  and  silicate  of  zinc  used  to  be  burnt  in  a  shaft  furnace  of 
the  construction  shown  in  Fig.   1,-  in  which  k  is  the  lining,  r  the 

'  Bcmerhmfjeniihtr  Zinl- Industrie,  B.  u.  H.  Zty.,  No.  17,  p.  138,  1876. 
"  Thum,  Zinkhuffeuhctrieh  cler  Altenberger  GeseUsrhafl.  B.  n.  H.  Ztg.,  p.  405,  1859, 
and  ]).  4,  186U;  Kerl,  Meted  Hi  tit  tenkunde,  p.  433,  1881. 
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retaining  wall,  v  the  cone,  g  arches,  of  which  there  are  four,  giving 
access  to  the  draw-holes  z.  The  shaft  is  7  feet  3  inches  in  diameter 
at  the  throat,  9  feet  8  inches  in  the  centre,  and  5  feet  6  inches  at  the 
draw-holes.  The  cone  is  3  feet  6  inches  high ;  the  height  of  the 
furnace  from  the  point  of  the  cone  to  the  throat  is  17  feet  6  inches. 
In  this  furnace  calamine  mixed  with  some  silicate  of  zinc  was  burned 
with  lean  coals  and  coke  smalls.  The  layers  of  ore,  which  alternated 
with  layers  of  fuel,  were  6  inches  deep ;  25  tons  of  ore  were  burned 
in  24  hours,  during  which  time  there  were  six  drawings.     The  con- 


sumption of  fuel  was  from  3  to  4  per  cent,  of  the  weight  of  the  ore, 
and  the  loss  of  weight  was  about  27  per  cent,  of  the  weight  of  the  raw 
ore.  Any  silicate  of  zinc,  or  any  ferriferous  calamine,  were  removed 
from  the  burnt  ore  by  hand  dressing,  and  after  crushing  were  burned 
again.  At  Montefiore,  near  Iglesias,  where  shaft  furnaces  are  used 
which  have  a  conical  grate  instead  of  a  simple  cone,  small  charcoal  is 
used  as  fuel,  from  4  to  6  per  cent,  of  the  weight  of  the  ore  being 
consumed.^ 

Burning  Calamine  in  Grate-fired  Shaft  Furnaces 

Burning  lump  calamine  in  grate-fired  shaft  furnaces  yields  a 
product  which  is  not  contaminated  by  the  ashes  of  the  fuel,  though  it 
may  at  times  contain  small  quantities  of  flue-dust.     There  is  also 

1  Oesterr.  Zeitschrift,  No.  40,  1886. 
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less  danger  of  the  reduction  and  volatilisation  of  zinc,  than  when  the 
ore  comes  in  direct  contact  with  the  fuel ;  but,  on  the  other  hand,  the 
fuel  consumption  is  greater  than  in  the  simple  shaft  furnace.  Only 
raw  fuel  or  gas  can  be  used  for  heating  purposes.  The  consumption 
of  raw  fuel  amounts,  according  to  its  nature  and  that  of  the  ores, 
to  some  6  to  9  per  cent,  of  the  latter.  The  furnaces  are  constructed 
like  limekilns,  fired  by  external  grates;  they  are  circular  in  hori- 
zontal section  and  con- 
tracted below.  Their  height 
is  8  to  16  feet ;  their  dia- 
meter, in  the  upper  widest 
portion  of  the  shaft,  5  feet 
to  5  feet  9  inches ;  at  the 
narrowest  portion,  at  the 
fireplace,  1  foot  8  inches  to 
2  feet.  The  number  of  fire- 
places, which  are  disposed 
laterally  about  the  lower 
portion  of  the  furnace,  is 
either  1  or  2.  The  output 
varies  with  the  size  of  the 
furnace,  the  nature  of  the 
ores,  and  the  number  of 
fireplaces,  lying  between  6 
and  14  tons  per  24  hours. 
Such  furnaces  are  employed 
in  the  south  of  Spain. 

The  construction  of  such 
a  furnace,  with  but  one 
fireplace,  is  shown  in  Fig.  2.^ 
S  is  the  shaft,  B  the  fire- 
grate,.^ the  opening  through 
which  the  burnt  ore  is  drawn.  The  ashpit  A  below  the  fireplace 
is  closed,  air  required  for  combustion  entering  through  a  flue  K 
in  the  brickwork  of  the  furnace,  in  which  it  is  heated  before  it  enters 
at  the  grate.  The  calamine  to  be  burned  is  charged  through  the 
opening  0.  The  throat  of  the  furnace  is  covered  by  a  conical  hood  J, 
which  terminates  in  a  short  flue  W,  and  is  provided  in  its  upper 
part  with  a  damper  to  regulate  the  draught.  In  such  a  furnace  with 
one  fireplace,  5  to  8  tons  of  burnt  calamine  are  produced  in  24  hours, 
with  a  coal  consumption  of  8  to  9  per  cent,  of  the  weight  of  the  burnt 

1  Bery.  und  Hiitten.  Ztg.,  p.  360,  1862. 
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ore.  The  raw  ore  loses  at  least  10  per  cent,  of  its  weight  by  burning. 
In  a  furnace  of  equal  size,  with  two  fireplaces,  about  10  tons  of  burnt 
ore  were  obtained  in  24  hours  witii  the  same  fuel  consumption.  Six 
men  are  required  per  2-i  hours  to  work  the  furnace. 

Burning  of  Calamine  in  Beverberatory  Furnaces 

In  such  furnaces  ore  fines  alone  can  be  burnt  satisfactorily ;  lumps 
are  far  better  burnt  in  either  of  the  above  shaft  furnaces.  Rever- 
beratory  furnaces  require  more  fuel  and  labour  than  do  shaft 
furnaces,  but,  if  well  constructed,  yield  as  great  an  output  as  do 
grate-fired  shaft  furnaces,  viz.,  8  to  10  tons  in  24  hours.  Reverbera- 
tory  furnaces  are  employed  of  various  forms,  viz.,  with  fixed  hearths, 
with  movable  hearths,  furnaces  independent  of  zinc  reduction  furnaces, 
and  reverberatory  furnaces  which  are  heated  by  the  waste  heat  of 
the  zinc  reduction  furnaces.  Those  reverberatory  furnaces  which 
are  worked  independently  are  either  gas-fired  or  fired  by  a  grate. 
Wherever  calamine  is  burnt  at  the  mine,  which  is  the  better  way 
whenever  fuel  is  cheap  there,  and  the  ore  has  to  be  transported 
considerable  distances  to  the  smelting  works,  it  is  of  course  necessary 
to  work  the  reverberatory  furnaces  independently.  Wherever  cala- 
mine is  burnt  at  the  smelting  works,  it  is  preferable  to  conduct  the 
burning  quite  independently  of  the  work  of  the  reduction  furnace, 
and  to  use  the  waste  heat  of  the  latter  for  warming  the  air  used  for 
combustion,  or  in  the  case  of  gas  firing  for  heating  up  the  gas.  Only 
in  such  cases  in  which  the  furnace  gases,  after  having  thus  been 
utilised,  still  retain  sufficient  heat  to  be  able  to  expel  water  and 
carbon  dioxide  from  the  calamine,  is  it  profitable  to  use  them  for 
burning  this  ore. 

Independent  Beverberatory  Furnaces 
Fixed  Beverberatory  Furnaces 

Such  furnaces  have  to  be  worked  as  a  general  rule  by  hand-power. 
Only  when  labour  is  exceedingly  dear  is  it  possible  to  use  with 
advantage  fixed  furnaces  in  which  the  ore  is  rabbled  mechanically. 

Fixed  Beverberatory  Furnaces  Worked  by  Hand 

As  a  rule,  the  best  furnace  of  this  type  for  burning  calamine  is 
the  long-bedded  continuous-acting  furnace,  the  so-called  Fortschavfe- 
lungsofen.     In  these  the  ore  is  charged  at  the  coldest  part  of  the 
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furnace  by  the  flue-bridge,  and  is  shovelled  gradually  from  this  poiut 
to  tiie  hottest  part  of  the  furnace  at  definite  intervals  of  time,  until 
it  is  ultimately   drawn  out   at  the   fire-bridge  in   the    burnt   state- 
Furnaces  worked  intermittently,  in  which  the  whole  of  the  charge  of 
ore  which  is  to  be  burnt,  is  charged  in  at  one  time,  and  is  drawn  out 
at  one  time,  when  the  operation  is  complete,  are  not  to  be  recom- 
mended on  account  of  their  high  cost  for  labour  and  fuel.     Long- 
bedded   calciners    with    only    one    hearth    are    to    be  preferred    to 
furnaces  of  this  type  with  two  hearths  lying  one  above  the  other, 
because  working  on  the  upper  hearth  is  inconvenient,  and  when  one 
of  the  hearths  needs  repairing   the  whole  furnace  must  be  let  out. 
Furnaces  with  two  or  even  three  hearths,  one  above  the  other,  should 
therefore  only  be  employed  when  ground  space  is  either  very  valuable 
or  not  to  be  got.     The  hearth  either  lies  horizontally,  or  has  a  certain 
inclination  (Ferraris  furnace).     The  reverberatory  furnace  for  burning 
calamine  differsfrom  those  used  for  calciningthe  sulphides  of  iron, silver, 
copper  or  lead,  in  that  it  is  shorter  and  narrower  than  the  latter.     It 
must    not  be  forgotten    that   when   the  above-named  sulphides  are 
calcined,  a  considerable  amount  of  heat  is  developed  from  the  ores 
themselves ;  that  the  air  required  for  their  calcination  enters  by  the 
working  doors;   and   that  as  long  as  it  is  not  in  excess,  it  becomes 
itself  a  source  of  heat  on  account  of  its  action  upon  the  sulphides. 
On  the  other  hand,  when  calamine   is  burnt,   no   heat  is  developed 
from  the  ores,  nor  is  any  access  of  air  necessary.     In  order  to  utilise 
the  heat  of  the  fuel  to  the  best  purpose,  it  is  therefore  necessary  to 
have  only  as  many  working  doors  as  are  absolutely  required  for  the 
satisfactory  rabbling  and  turning  over  of  the  ores.     It  is  also  useless 
to   give  the  hearth   any  excessive  length  or  breadth,  because  the 
removal  of  the  carbon  dioxide   requires  a  comparatively  high  tem- 
perature, whilst  no  heat  is  developed  from  the  ore,  as  occurs  in  the 
case  of  sulphides  even  close  to  the  flue-bridge. 

The  length  of  the  hearth  should  not  exceed  40  to  43  feet.  With 
a  double  hearth  and  a  single  fireplace,  the  length  of  the  two  hearths 
together  should  not  exceed  the  above  amount.  When  gas-firing  is 
used,  the  length  of  the  hearth  may  be  somewhat  longer,  up  to  46  feet 
for  instance.  The  grate-fired  furnace  with  double  hearth  at  the 
works  of  the  Altenberg  Company  is  40  feet,  including  the  upper  and 
lower  hearths.  Another  direct-fired  furnace  at  Letmathe,  near 
Iserlohn,  in  Westphalia,  in  which  calamine  was  formerly  burnt, 
possessed  two  hearths  lying  one  above  the  other,  with  a  total  length 
of  27  feet.  The  gas-fired  furnaces  of  Ferraris,  with  inclined  hearth, 
at  Monteponi,  near  Iglesias,  has  a  total  length  of  43  feet  6  inches. 
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The  breadth  of  the  hearth  should  not  exceed  8  feet,  because  other- 
wise the  ore  upon  the  hearth  cannot  be  satisfactorily  rabbled  and 
turned  over  with  working  doors  along  one  side  only.  For  instance, 
the  Letmathe  hearth  was  6  feet  2  inches  wide,  the  hearth  of  the 
Altenberg  Company's  furnace  was  7  feet  6  inches  wide,  whilst  the 
gas  furnace  at  Monteponi  has  a  hearth  8  feet  2  inches  wide.  The 
height  of  the  arch  of  the  working  chamber  should  be  about  1  foot 
4  inches  to  2  feet  at  the  outside.  In  order  to  utilise  the  heat  to  the 
utmost,  it  is  advisable  to  incline  the  arch  somewhat  towards  the 
flue-bridge,  or  else  the  hearth  may  have  a  gradual  slope  upwards, 
or  may  rise  by  steps  towards  the  flue.  The  hearth  may  be  made  of 
ordinary  brick,  fire-brick  being  only  required  in  the  neighbourhood 
of  the  fire-bridge.  The  working  doors  are  placed  from  6  feet  to  8  feet 
2  inches  apart,  centre  to  centre.  The  quantity  of  calamine  that  can 
be  burnt  in  24  hours  depends  upon  the  nature  of  the  impurities,  the 
size  of  the  furnace  and  the  character  of  the  fuel.  It  varies  from  3 
to  10  tons  per  furnace,  the  fuel  consumption  being  between  10  and 
15  per  cent,  of  the  weight  of  the  raw  ore.  Each  furnace  requires 
two  to  three  attendants  per  shift.  The  construction  of  a  reverberatory 
furnace  fired  by  grate,  as  built  at  the  works  of  the  Vieille  Moatagne 
Company,  is  shown  in  Figs.  3  and  4.  The  furnace  has  two  hearths, 
H  and  J.  The  calamine  is  first  dried  on  the  arch  G  above  the  upper 
hearth,  and  is  then  let  down  on  to  that  hearth  by  means  of  openings  o, 
which  can  be  closed  when  desired.  After  remaining  6  hours  on  that 
hearth,  it  is  removed  to  the  lower  hearth  through  openings  p,  and 
after  6  hours  further  is  emptied  into  the  vaults  K  through  the  open- 
ings q.  F  is  the  firegrate,  T  the  flue  through  which  the  products  of 
combustion  pass  into  the  stack,  a  are  the  working  doors,  which  can  be 
closed  by  sheet  iron.  Fig.  4  shows  a  plau  of  the  upper  hearth  with 
the  openings  p.  The  openings  q  for  emptying  the  calamine  into  the 
cooling  vaults  lie  at  the  opposite  side  of  the  lower  hearth.  In  24 
hours  4  charges,  weighing  together  8  tons,  are  calcined  in  this  furnace, 
with  a  consumption  of  2"90  to  3"11  cubic  feet  of  coal.^ 

At  the  works  near  Cilli,  in  Austria,"'  finely  ground  calamine  is 
calcined  in  long-bedded  furnaces,  which  are  built  in  pairs  with  their 
long  sides  adjoining,  and  with  4  working  doors  at  the  opposite  sides. 
They  are  fired  with  lignite  by  means  of  special  grates.  In  24  hours 
7  charges  of  12  cwts.  each  are  worked  off.  One  cwt.  of  coal  is 
required  for  3  tons  4  cwts.  of  calcined  ore. 

At  the   Paul   Works,  near  Rosdzin,  in  Upper  Silesia,  there  are 
three   long-bedded   calcining  hearths,  one  above  the  other,  each  of 
1  Thum,  loc.  cit.  ~  Bery.  und  Hiitttn.  Ztg.,  p.  31,  1894. 
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which  has  its  own  fireplace.  Each  hearth  is  17  feet  10  inches  long 
and  7  feet  10  inches  wide.  On  each  hearth  15  tons  of  calamine  are 
calcined  in  24  hours,  with  a  consumption  of  1"5  tons  of  coal.  The 
furnace  is  worked  by  one  man,  taking  a  12- hour  shift.  The  arrange- 
ment of  a  reverberatory  furnace  fired  by  gas  (the  Ferraris  furnace),  as 
used  at  the  Monteponi  mines,  is  shown  in  Figs.  5  and  6.^ 


Fig.  3. 
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Two  furnaces  A  and  B,  with  inclined  hearths  are  built  side  by 
sTde  with  a  back  wall  in  common.  There  is  a  gas  producer  G  on  the 
Boiitius  system,  common  to  both  furnaces.  The  ores  are  charged  at 
the  upper  end  of  each  furnace  through  a  hopper  Z  and  pass  through  the 
upper  to  the  lower  end.     The  double  furnace  treats  20  tons  of  ore  in 

'  Marx.  ZtitHcliril'tfUr  Btn/.-  Hiitt.-  n.  Salinen-tvesen,  vol.  xl. 
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24  hours,"  with  a  consumption  of  Cardiff  coals  equal  to  15'11  per  cent, 
of  the  weight  of  the  raw  ore.  Five  men  are  employed  to  work  the 
two  furnaces.     The  ore  loses  23  per  cent,  by  calcination. 


Figs.  5  and  6. 


Fixed  Eevcrhcratory  Furnaces  worked  Mechanically. 

Such  furnaces  appear  to  be  nowhere  in  use  for  calamine,  unless 
the  ore  contains  a  considerable  quantity  of  zinc-blende  mixed  with  it. 
Their  use  would  only  be  indicated  in  the  case  of  abnormally  high 
wages.  Under  such  circumstances  the  furnaces  of  O'Harra,  Vol.  I., 
p.  72,  the  Pearce  furnace,  Vol.  I.,  p.  75,  and  the  Horseshoe  furnace  of 
Brown,  Vol.  I.,  p.  70,  would  probably  be  the  most  suitable,  because 
their  output  is  far  greater  than  that  of  fixed  reverberatory  furnaces 
worked  by  hand,  or  of  Parkes's  mechanical  furnace.  Vol.  I.,  p.  78. 


Reverheratory  Furnaces  vjith  Movable  Hearths 

Calciners  of  this  type,  with  fixed  or  movable  rabbles,  can  scarcely 
be  applied  with  advantage  to  the  burning  of  calamine,  on  account  of 
their  comparatively  small  output.  Many  such  furnaces  may  be  men- 
tioned, e.g.,  that  of  Brunton,  which  is  used  for  the  roasting  of  tin  ores 
containing  arsenical  pyrites,  and  the  furnace  of  Gibbs  and  Gelstharpe, 
Vol.  1.,  p.  230,  which  is  used  for  the  chloridising  roasting  of  cupri- 
ferous pyrites  residues. 
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Reverbei^atory  Furnaces  vjith  Movable  Chambers 

Such  furnaces  may  be  used  when  wages  are  high.  They  consist 
of  rotating  cylinders,  which  work  either  intermittently  or  continuously. 
Furnaces  worked  intermittently,  which  are  used  wdth  advantage  for 
the  calcination  of  copper  ores,  and  of  which  the  best  known  is  the 
Bruckner  furnace,  Vol.  I.,  p.  80,  have  not  been  employed  for  the 
burninof  of  calamine,  as  far  as  the  author  knows.  Of  the  furnaces 
worked  continuously,  that  of  Oxland  is  used  with  advantage  in  the 
mining  district  of  Iglesias.  Figs.  7  and  8  show  the  construction  of 
such  a  furnace  as  used  at  the  Monteponi  mine.^ 

In  these  figures  a  is  the  inclined  rotating  cylinder  lined  wdth  fire- 
brick, h,b  are  friction  rings  resting  on  rollers,  c  is  a  toothed  wheel 


Figs.  7  and  S. 


worked  by  the  tangent  screw  d,  the  latter  being  driven  by  a  steam 
engine.  The  ore  is  charged  through  a  hopper  and  falls  from  it  on  to 
a  cast-iron  plate,  which  forms  the  cover  of  the  furnace,  and  upon  which 
it  is  dried.  Thence  it  passes  through  the  hopper  t  into  the  tube  p, 
through  which  it  slips  down  into  the  cylinder.  In  consequence  of 
the  slow  revolution  of  the  cylinder,  which  turns  15  times  in  the 
hour,  the  ore  gradually  reaches  the  lower  end,  when  it  drops  out  in 
the  calcined  condition.  F  is  the  firegrate.  The  mixing  of  the  ore  is 
promoted  by  4  ploughs  arranged  inside  the  cylinder;  12  tons 
of  ore  are  calcined  in  24  hours,  the  consumption  of  Cardiff  coal 
amounting  to  12*41  per  cent,  of  the  weight  of  the  raw  ore.  The  loss 
of  weight  amounts  to  28  per  cent.  Two  men  on  a  shift  work  these 
furnaces. 

^  Marx,  loc.  cit. 
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Reverberatory  Furnaces,  heated  hy  the  Waste  Heat  of  Zinc-Reduction 

Furnaces 

Such  reverberatory  furnaces  may  be  combined  with  Silesian  or 
with  Belgian  zinc-reduction  furnaces.  With  the  former  they  are 
placed  between  two  or  four  such  furnaces,  or  in  front  of  them,  whilst 
in  the  latter  case  they  are  built  above  them.  The  reverberatory 
furnaces  are  composed  of  flat  brick  arches  over  hearths  of  varying 
shape  and  size.  A  calcining  furnace  combined  with  a  Belgian  zinc- 
reduction  furnace,  such  as  was  formerly  in  use  at  Moresnet,  is  shown 
in  Figs.  9  and  10.  The  products  of  combustion  from  the  reduction 
furnaces  enter  the  furnace  body  h  through  the  slot  /.■,  and  escape  from 
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Fig.  9. 


the  former  through  the  flue  /  into  a  stack  23  feet  in  height.  The 
ores  are  charged  with  the  furnace  through  an  opening  :■  in  the  crown 
of  the  arch.  The  burnt  ores  are  discharged  through  a  vertical  flue  v) 
into  a  vault  g  built  below  the  furnace.  At  jt?  there  are  working  doors 
through  which  the  ores  in  the  furnace  can  be  rabbled.  A  furnace  of 
this  kind  will  calcine  from  36  cwt.  to  2  tons  of  calamine  in  24  hours. 
Calcining  furnaces  attached  to  Silesian  smelting  furnaces  have 
areas  of  from  10  to  53  square  feet,  and  are  connected  with  both  the 
older  and  some  of  the  newer  forms  of  these  furnaces.  They  have, 
however,  an  injurious  effect  upon  the  output  of  zinc  both  by  reason  of 
cooling  the  furnace  walls,  as  also  by  interfering  with  the  draught,  and 
have,  therefore,  been  entirely  discarded  in  the  most  recent  furnaces, 
or  have  been  erected  at  some  distance  from  them.     The  calcining 
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furnaces  attached  to  the  various  types  of  Silesian  furnaces  will  be 
found  fully  shown  in  the  illustrations  of  the  latter.  Both  crushed 
calamine  and  lump  ore  can  be  burnt  in  these  furnaces. 

The  calciners  of  the  older  Silesian  furnaces  have  an  area  of  53- 
square  feet.  In  these  1'5  tons  of  calamine  are  burned  in  12  hours. 
In  the  calciners  of  the  stack-furnaces,  which  have  an  area  of  10 
square  feet,  8|  cwts.  of  calamine  can  be  roasted  in  8  hours.  In  the 
calciners  of  the  blast-fired  furnaces,  which  have  an  area  of  16'8 
square  feet,  14  cwts.  can  be  burned  in  8  hours. 

At  Lipine,  where  reduction  furnaces,  fired  with  gas,  and  heating 
shafts  are  used,  a  small  calciner  is  placed  on  either  side  in  the 
middle  of  the  furnace  block.  Its  length  is  7  feet  3  inches,  its  breadth 
2  feet  8  inches,  and  its  height  2  feet  4  inches.  In  24  hours,  from 
2  tons  5  cwt.  to  3  tons  of  calamine  can  be  calcined.  The  labour  is 
provided  by  the  men  in  charge  of  the  reduction  furnace.  On  the 
average,  burnt  Upper  Silesian  calamine  retains  some  17  per  cent,  of 
carbon  dioxide.^  Such  of  the  latter  as  does  not  escape  before  the 
reduction  of  the  zinc  oxide,  must  be  reduced  to  carbon  monoxide  by 
an  excess  of  carbon  in  the  muffles. 

(Jj)  Calcination  of  Zinc  Blende 

The  object  of  calcining  zinc  blende  is  to  convert  the  sulphide  of 
zinc  into  oxide  by  means  of  atmospheric  air.  Simultaneously  the 
other  sulphides  contained  in,  or  mixed  with,  the  zinc  blende  are  also 
converted  into  oxides.  Any  carbonates  intermixed  with  the  blende 
have  also  to  be  converted  into  oxides.  From  any  arsenical  and 
antimonial  compovmds  that  may  be  present,  the  arsenic  and  anti- 
mony must,  moreover,  be  volatilised  as  completely  as  possible.  The 
calcination  must  be  conducted  so  that  as  little  sulphur  as  possible 
remains  in  the  calcined  ore,  because  sulphide  of  zinc,  whether  it  be 
present  in  the  form  of  zinc  blende  that  has  remained  undecomposed, 
or  whether  it  is  produced  during  the  reduction  process  by  the 
reduction  of  zinc  sulphate,  remains  undecomposed  when  the  zinc  is 
reduced,  so  that  its  zinc  contents  are  lost  for  the  extraction  of  zinc. 
The  complete  removal  of  sulphur  from  the  ore  is,  however,  only 
exceptionally  attained,  because  in  calcination  the  last  portion  of 
sulphur  can  only  be  driven  out  with  great  difficulty,  and  because 
the  formation  of  zinc  sulphate,  which  is  only  completely  decomposed 
at  a  red  heat  approaching  whiteness,  is  unavoidable.  Moreover, 
blende  is  often  accompanied  by  substances  such  as  galena,  chalco- 

^  Stefjer,  Eisen  u.  MetalL,  p.  67,  1888. 
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pyi'ite,  stibnite,  and  silicates  of  iron  and  manganese,  which  are 
inclined  to  sinter  or  melt  at  high  temj)eratures.  These  envelope 
particles  of  blende  and  prevent  the  oxygen  of  the  air  from  acting 
upon  them.  Under  these  circumstances,  it  is  quite  unavoidable  that 
small  portions  of  sulphur,  say  1  to  2  per  cent.,  should  remain  in  the 
calcined  ore.  To  obtain  as  complete  a  calcination  as  possible,  it 
is  necessary  that  the  blende  should  be  crushed  down  to  a  mesh 
of  0"04  inch,  or,  at  the  outside,  of  008  inch,  and  for  the  decomposition 
of  the  basic  sulphate  formed  the  final  temperature  must  be  pro- 
portionately high.  A  high  temperature  entails,  on  the  other  hand, 
the  objections  that  zinc  oxide  is  volatilised,  that  it  is  reduced  to  zinc 
when  brought  in  contact  with  the  particles  of  carbon  in  the  flame, 
and  that  the  ore  may  be  sintered  or  fused.  Zinc  sulphate  can  only 
be  imperfectly  decomposed  by  mixing  carbon  with  the  calcined  ore. 
When  pulverulent  zinc  blende  containing  only  sulphide  of  zinc  is 
•calcined,  as  soon  as  the  temperature  rises  to  a  low  redness  the  sulphur 
is  oxidised  to  sulphur  dioxide,  and  the  zinc  which  was  combined 
with  this  sulphur  is  converted  into  oxide.  The  sulphur  dioxide  is  in 
part  volatilised,  in  part  it  is  converted  by  contact  with  the  red-hot 
portions  of  the  ore  and  of  the  furnace  walls  into  sulphur  trioxide, 
whicli  latter  combines  with  a  portion  of  the  zinc  oxide  to  form 
sulphate.  The  lower  the  temperature,  and  the  more  the  zinc  blende 
is  intermixed  with  other  sulphides,  the  more  zinc  sulphate  is  formed. 
Thus  in  some  experiments  by  the  author,  when  an  intimate  mixture 
of  e(i[ual  parts  of  zinc  blende  and  galena  from  the  Broken  Hill  Mines 
in  New  South  Wales  was  calcined  at  low  redness,  40  per  cent,  of  the 
zinc  contents  of  the  blende  was  converted  into  zinc  sulphate.  The 
formation  of  zinc  sulphate  is  promoted  more  by  the  presence  of 
pyrites  than  by  that  of  any  other  sulphides.  When  the  temperature 
is  raised  to  a  cherry-red,  the  neutral  zinc  sulphate  is  split  up  into 
basic  zinc  sulphate  and  to  sulphur  trioxide  or  sulphur  dioxide  and 
oxygen.  By  further  raising  the  temperature  to  the  fullest  red  heat, 
the  basic  zinc  sulphate  itself  is  decomposed  in  the  same  way. 
Schlapp  found  that  during  the  decomposition  of  zinc  vitriol  dehy- 
drated as  completely  as  possible,  by  means  of  heat  on  a  large  scale, 
some  :-)0  per  cent,  of  the  sulphur  trioxide  escaped  as  such,  whilst  the 
remainder  was  split  up  into  sulphur  dioxide  and  oxygen. 

If  the  calcination  takes  place  in  reverberatory  furnaces,  any 
carbon  monoxide  present  in  the  products  of  combustion  has  a  re- 
during  action  upon  the  zinc  oxide  at  the  high  temperature  required 
to  split  up  the  basic  zinc  sulphate.  The  zinc  vapours  thus  fornaed 
are    sarried    off,    and    are    at    once   oxidised   again  by  the    air    and 
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the  carbon  dioxide  present,  so  that  loss  of  zinc  is  thus  incurred. 
With  a  sufficiently  long  continued  calcination  and  the  employment 
of  a  sufficiently  high  temperature,  it  is,  as  above  shown,  possible  to 
convert  the  whole  of  the  zinc  sulphide  into  oxide.  As  a  rule,  how- 
ever, in  consequence  of  the  difficulty  of  completely  decomposing  the 
basic  sulphate  and  of  oxidising  the  last  portions  of  the  sulphide  of  zinc 
present,  small  quantities  of  sulphur  remain  in  the  ore.  In  a  series 
of  experiments^  the  following  decrease  in  the  percentage  of  sulphur 
in  the  ore  was  found  on  roastiny-  three  different  orades  of  ore  in  a 
Hasenclever  furnace  with  three  muffles  lying  one  above  the  other  : — 

Percentage  of  Sulphur  in  the  Ore. 


Blende  before  charging    .    .    . 
On  leaving  the  first  muffle 
On  leaving  the  second  muffle 
On  leaving  the  third  muffle     . 
On  drawinsr  from  tlie  furnace 


19-2 

17-6 

12-0 

3-4 

U-6 


Xo.  2  Ore. 


26-8 
191-19-9 
11  ^-US 
1-02-1 -48 
0-35-1-02 


Xo.  3  Ore. 


26-5 
15-9-21-4 
9-9-12-4 
0-75-1-06 


The  temperature  in  the  first  or  uppermost  muffle  w^as  from  580^ 
to  690°,  that  of  the  two  lower  ones  750°  to  900°  C.  If  the  blende 
contains,  as  is  often  the  case,  sulphide  of  iron  isomorphously  inter- 
mixed, magnetic  oxide  and  iron  sulphate  are  at  first  produced.  As 
the  temperature  increases,  the  magnetic  oxide  is  converted  into  ferric 
oxide,  whilst  the  sulphate  of  iron  is  converted  into  sulphur  dioxide 
and  oxygen  and  basic  sulphate  of  iron,  the  latter  of  which,  when  the 
temperature  rises  still  further,  is  ultimately  split  up  into  ferric  oxide 
and  sulphur  trioxide,  or  in  part  into  sulphur  dioxide  and  oxygen. 
This  decomposition  takes  place  far  below  the  temperature  of  decom- 
position of  zinc  sulphate,  and  the  gases  produced  by  the  splitting  up 
of  the  suliohate  of  iron  promote  the  conversion  of  sulphide  of  zinc 
into  sulphate.  At  the  conclusion  of  the  operation,  all  the  sulphide 
of  iron  will  have  been  converted  into  ferric  oxide,  so  that  the  product 
will  consist  of  a  mixture  of  ferric  oxide  and  zinc  oxide,  together  with 
small  quantities  of  zinc  sulphate  and  undecomposed  sulphide. 
According  to  Jensch,-  the  sulphur  contained  in  dead  roasted  zinc 
blende  in  the  form  of  sulphide  is  said  to  be  exclusively  combined  with 
iron.  A  calcination  down  to  0*5  per  cent,  of  sulphur,  present  in  the 
form  of  sulphide,  would  thus  appear  to  be  possible  only  in  the  case 
of  blende  free  from  or  very  poor  in  iron.     In  spite  however  of  careful 

1  Fischer'' s  Jahresher.,  1890,  p.  444. 

-  Zbitschr.  /.  Aiigewandte  Chemie,  1894,  p.  50. 
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dressing-  operations,  blende  is  frequently  intermixed  with  pyrites, 
chalcopyrite,  galena,  stibnite,  arsenides  and  sulph-arsenides,  spathic 
iron  ore,  barytes,  quartz,  calcspar,  dolomite  and  various  silicates.  It 
also  often  contains  silver  in  extractable  quantity. 

Pyrites  is  converted  into  ferric  oxide  by  calcination.  In  conse- 
quence of  its  ready  oxidisability,  it  promotes  the  commencement  of 
calcination  and  the  raisincj  of  the  ore  to  a  red-heat,  but  at  the  same 
time  causes  the  formation  of  considerable  quantities  of  sulphate  of 
zinc.  If  sulphide  of  iron  remains  undecomposed  after  the  calcination, 
it  has  an  injurious  effect  in  the  process  of  reduction,  as  it  perforates 
the  walls  of  the  vessels  employed.  In  the  presence  of  quartz,  ferrous 
silicate  may  readily  be  formed  in  consequence  of  the  action  of  reducing 
gases  or  of  soot  upon  the  ferric  oxide  at  the  high  temperature  of 
calcination.  This  not  only  envelopes  particles  of  blende,  but  also 
acts  injuriously  upon  the  walls  of  the  vessels  employed  in  distillation 
owing  to  the  formation  of  readily  fusible  double  silicates. 

Chalcopyrite  is  converted  on  calcination  into  a  mixture  of  cupric 
and  ferric  oxides,  and  has  the  same  disadvantages  as  iron  pyrites. 
The  cupric  sulphate  formed  by  its  calcination  decomposes  at  a  far 
lower  temperature  than  basic  zinc  sulphate.  As  this  ore  is  highly 
inclined  to  sinter  on  account  of  its  containing  sulphide  of  copper,  it  is 
very  apt  to  envelope  particles  of  unroasted  zinc  blende  if  the  temper- 
ature is  at  all  high  at  the  outset. 

Galena  is  converted  into  a  mixture  of  oxide  and  sulphate  of  lead  ; 
as  galena  sinters  very  rapidly,  it  is  also  apt  to  envelope  particles  of 
zinc  blende,  unless  the  temperature  is  kept  very  low  at  the  outset. 
It  also  promotes  the  formation  of  zinc  sulphate  by  the  action  of 
sulphur  dioxide  and  oxygen  or  of  sulphur  trioxide  upon  zinc  oxide 
or  sulphide.  Any  lead  sulphate  which  is  not  decomposed  at  the 
temperature  of  calcination  melts  just  as  lead  oxide  does  at  the 
temperature  required  to  decompose  zinc  sulphate,  and  both  sub- 
stances are  apt  to  envelope  particles  of  the  ore.  In  the  presence 
of  quartz,  silicate  of  lead  forms^  which  is  also  easily  fusible,  and 
envelopes  particles  of  ore.  Lead  oxide,  as  long  as  it  is  not  present 
in  too  great  a  quantity  (under  8  per  cent.),  is  reduced  in  the 
process  of  reduction  to  metallic  lead,  as  long  as  the  gases  of  the 
vessels  contain  carbon  monoxide.  The  lead  thus  formed  partly 
volatilises  with  the  zinc  and  partly  remains  in  the  residue.  When  it 
is  present  in  large  quantities,  and  if  oxidising  gases  or  air  are  present 
in  the  vessels  employed  in  distillation,  it  is  partly  converted  into 
silicate  of  lead.  This  silicate  of  lead  gives  rise  to  the  formation  of 
readily  fusible  silicates,  and  thus  rapidly  destroys  the  walls  of  the 
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vessels.     At  the  same  time,  lead  may  be  reduced  from  it,  and  alloy 
with  the  zinc. 

Stibnitc  sinters  very  rapidly,  and  envelopes  particles  of  uucalcined 
zinc  blende.  Its  sulphur  is  converted  into  sulphur  dioxide  and 
promotes  the  formation  of  zinc  sulphate.  The  antimony  is  converted 
into  oxide,  which  partly  volatilises  and  partly  forms  antimoniates. 
The  latter  are  also  formed  in  part  by  the  action  of  the  oxide  of 
antimony  upon  sulphates.  These  antimoniates  remain  for  the  most 
part  undecomposed  during  calcination,  and  therefore  appear  as  such 
in  the  calcined  ore. 

Arsenides  and  sulph-arsenides  give  off  their  sulphur  as  sulphur 
dioxide,  and  a  portion  of  the  arsenic  forms  arsenic  acid  ;  another 
portion  of  the  arsenic  forms  arseniates  of  those  metals  (nickel,  cobalt, 
iron  and  silver)  whose  arseniates  resist  the  heat.  The  ultimate 
product  of  the  calcination  consists  therefore  of  a  mixture  of  metallic 
oxides  and  arseniates.  During  the  process  of  reduction,  the  latter 
are  reduced,  yielding  metallic  arsenic,  which  passes  into  the  zinc. 

Siderite  is  converted  on  calcination  into  magnetic  oxide,  which 
promotes  the  formation  of  readily  fusible  silicates  during  the  process 
of  reduction,  and,  thereby,  the  destruction  of  the  vessels  employed. 
If  quartz  is  simultaneously  present  in  the  ore,  a  readily  fusible  silicate 
of  iron  may  form  even  during  calcination,  which  would  envelope 
portions  of  the  ore.  In  consequence  of  the  ready  fusibility  of  silicate 
of  manganese,  such  double  silicates  are  apt  to  be  formed  if  the 
spathic  ore  contains  manganese. 

Quartz  by  itself  has  no  injurious  effect  on  calcination,  as  it  only 
combines  with  zinc  oxide  at  a  white  heat.  It  may,  however,  give 
rise  to  readily  fusible  silicates  when  pyrites,  chalcopyrite  or  siderite 
are  present  in  the  ore. 

Barytes  remains  unchanged  during  calcination.  In  the  process  of 
reduction  it  becomes  reduced  to  baric  sulphide,  which  promotes  the 
formation  of  zinc  sulphide.^ 

Ccdcite  is  converted  partly  into  lime  and  partly  into  calcium 
sulphate.  Lime,  together  with  ferrous  oxide,  forms  readily  fusible 
double  silicates  with  the  silica  of  the  containing  vessels,  and  these 
silicates  are  apt  to  destroy  the  walls  of  the  latter.  The  calcium 
sulphate  is  reduced  to  sulphide  during  the  reduction  of  the  zinc 
oxide,  and  thus  gives  rise  to  the  formation  of  residues  rich  in  zinc. 
Thura  ^  states  that  the  suli3hides  of  the  alkaline  earths  appear  to  give 
up  half  of  their  sulphur  to  zinc  in  the  presence  of  free  zinc  and 
carbon. 

'  Thuni,  Bbry.  und  HUtten.  ZUj.,  1876,  p.  154.  -  Loc.  cit. 
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Dolomite  behaves  like  calcite. 

Argcntite  is  converted  into  sulphate  of  silver,  which,  in  the  last 
stage  of  calcination,  becomes  decomposed  into  silver,  sulphur  dioxide 
and  oxygen.  A  portion  of  the  silver  is  volatilised  in  the  last  stage  of 
the  calcination  at  the  high  temperature  then  prevailing. 

If  readily  fusible  silicates,  especially  those  of  iron  and  manganese, 
are  mixed  with  zinc  blende,  these  will  sinter  in  the  last  stage  of  the 
calcination,  and  envelope  particles  of  ore. 

The  loss  of  weight,  by  calcination,  of  zinc  blende  varies  with  its 
impurities  and  with  the  temperature,  ranging  between  12  and  20  per 
cent.  The  completeness  of  the  removal  of  sulphur  from  the  crushed 
and  roasted  zinc  blende  when  the  calcination  takes  place  in  rever- 
beratory  furnaces  or  muffles,  may  be  proved  by  the  chlorate  of  potash 
test  or  by  hydrochloric  acid.  The  amount  of  sulphur  in  the  form  of 
sulphates,  however,  can  only  be  determined  gravimetrically  or  by 
titration  with  barium  chloride. 

The  chlorate  of  potash  test,  which  is  considered  the  most  con- 
venient, is  executed  by  heating  an  iron  spoon  to  redness  in  the 
furnace,  and  melting  some  30  grains  of  chlorate  of  potash  in  it, 
Ul)on  the  molten  salt  a  small  quantity  of  the  ore  to  be  examined  is 
then  sprinkled.  If  no  sparks  are  produced,  due  to  the  presence  of 
burning  sulphur,  calcination  is  complete.  Even  the  presence  of  only 
a  few  small  sparks  is  considered  the  sign  of  a  good  calcination,, 
because  in  this  case  the  sulphur  has  been  removed  down  to  1  per 
cent.  The  hydrochloric  acid  test  consists  in  heating  a  small  quantity 
of  the  ore  with  pure  zinc  and  dilute  hydrochloric  acid  in  a  test-tube. 
When  sulphur  is  present  in  the  ore,  sulphuretted  hydrogen  is  evolved. 
The  quantity  of  the  latter,  and  therefore  that  of  the  sulphur  present 
in  the  ore,  is  determined  by  means  of  a  strip  of  paper  soaked  in 
acetate  of  lead,  which  takes  a  colour  varying  from  light  to  dark 
brown,  according  to  the  quantity  of  sulphur  present.  The  percentage 
of  sulphur  may  be  estimated  by  this  test  to  between  a  half  and  one- 
quarter  per  cent.  The  colours  obtained  may  be  compared  with 
colours  which  have  been  produced  by  roasted  blende  of  known 
sulphur  content,  provided  always  that  the  tests  are  executed  in  the 
same  manner. 

The  Proecss  of  Calcination 

Blende  can  only  be  calcined  satisfactorily  in  reverberatory 
furnaces  and  muffle  furnaces.  Calcination  in  heaps,  stalls  and 
shaft  furnaces  is  only  available  for  rendering  the  ore  friable,  or  for 
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a  preliminary  roasting.  Calcination  in  such  ajDparatus  must,  accord- 
ingly, be  followed  by  calcination  in  reverberatory  or  muffle  furnaces. 
Reverberatory  furnaces  produce  gases  which  contain  sulphur  dioxide 
intermixed  and  highly  diluted  Avith  the  products  of  combustion,  so 
that  the  sulphur  dioxide  cannot  be  utilised ;  such  furnaces  should, 
therefore,  be  used  only  when  the  utilisation  of  the  products  of  cal- 
cination for  the  production  of  sulphuric  acid  is  impracticable,  on 
account  of  the  absence  of  a  market,  and  when  the  gases  emitted 
may  either  be  allowed  to  escape  in  the  neighbourhood  of  the  smelt- 
ing works,  or  when  they  can  be  rendered  innocuous  by  processes 
which  do  not  cause  too  great  an  outlay.  Muffle  furnaces  admit  of  as 
good  a  calcination  of  zinc  blende  as  do  reverberatory  furnaces,  and 
do  not  require  much  more  fuel  than  the  latter,  if  proper  use  is  made 
of  the  heat  developed  by  the  oxidation  of  the  sulphide  of  zinc.  As 
these  furnaces  produce  gases  containing  so  much  sulphur  dioxide  as 
to  be  suitable  for  the  manufacture  of  sulphuric  acid,  the}^  should  be 
employed,  as  a  rule,  when  there  is  a  market  for  sulphuric  acid  in  the 
neighbourhood  of  the  works,  or  when  the  sulphur  dioxide  can  be 
vitilised  with  advantage  in  some  other  way.  Before  the  introduction 
of  the  newer  forms  of  muffle  furnace,  muffle  furnaces  combined  with 
reverberatory  furnaces  were  also  used.  In  the  muffles  of  these  com- 
bined furnaces,  sulphur  dioxide  was  produced  for  the  purpose  of 
sulphuric  acid  manufacture,  whilst  the  blende  was  roasted  dead  upon 
the  hearths  of  the  reverberatory  furnaces.  Their  erection  may  be 
justified  when  there  is  only  a  limited  market  for  sulphuric  acid,  so 
that  only  a  portion  of  the  sulphur  dioxide  contained  in  the  gases  can 
be  worked  up  with  advantage.  Heaps  and  stalls  can  only  be  employed 
for  rendering  very  compact  blende  more  friable  in  such  districts  in 
which  it  is  impossible  to  utilise  the  sulphur  dioxide,  and  in  which 
no  injury  is  inflicted  by  the  latter  on  the  neighbourhood.  In 
such  cases,  the  calcination  should  be  looked  upon  as  a  preliminary 
to  the  crushing  of  the  lump  ore,  which  has  to  be  calcined  dead  in 
reverberatories  after  it  has  been  crushed. 

Shaft  furnaces  may  be  used  for  preliminary  roasting  with  certain 
varieties  of  blende  Avhich  burn  readily,  when  it  is  only  possible  to 
utilise  th'e  gases  produced  to  a  limited  extent.  After  this  preliminary 
calcination,  the  lump  ore  has  to  be  crushed  and  roasted  dead  in 
reverberatory  furnaces,  whilst  blende  that  has  been  partly  roasted  in 
the  form  of  powder  goes  direct  to  the  reverberatory.  If,  on  the  other 
hand,  it  is  po.ssible  to  utilise  the  whole  of  the  sulphur  dioxide 
available  in  the  calcination  of  the  blende,  calcination  in  muffles  is  to 
be  preferred  to  the  combined  calcination  in  shaft  and  reverberatory 
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furnaces,  as  the  former  type  of  furnace  also  admits  of  the  utilisation 
of  the  heat  developed  by  the  oxidation  of  the  sulphide. 
We  have  therefore  to  consider  : — 

Calcination  in  heaps  and  stalls. 

Calcination  in  shaft  furnaces. 

Calcination  in  reverberatory  furnaces. 

Calcination  in  combined  reverberatory  and  muffle  furnaces. 

Calcination  in  muffle  furnaces. 

Calcination  in  Heafs  and  Stalls 

This  process  can  only  be  employed  exceptionally  for  calcining 
blende  in  order  to  render  it  friable  in  districts  in  which  no  complaints 
are  to  be  feared  on  the  score  of  the  sulphur  dioxide  vapours,  as  was 
the  case,  for  instance,  at  the  mines  of  the  Lehigh  Company  of 
Bethlehem  in  Pennsylvania.^  At  these  mines  lump  ore  was 
calcined,  resting  upon  a  grate  of  iron  bars  supported  by  two  outer 
walls  and  one  central  wall,  in  heaps  28  feet  in  length,  15  feet  in 
width,  and  8  feet  2  inches  high,  a  wood  fire  being  applied  below  the 
grate.  The  calcined  blende  was  crushed  and  then  roasted  dead  in 
reverberatory  furnaces.  The  employment  of  stalls  is  unknown  to  the 
author.  Neither  of  the  above  modes  of  calcination  is  probably  in 
use  at  the  present  day. 

Calcination  in  Shaft  Furnaces 

Shaft  furnaces  are  employed  for  the  preliminary  roasting  of  lump 
ore  or  of  slimes.  In  both  cases  the  sulphur  dioxide  that  escapes 
during  this  preliminary  roasting  is  to  be  utilised  for  sulphuric  acid 
manufacture.  The  partly  roasted  ores  are  then  completely  de- 
sulphurised in  reverberatory  furnaces  without  any  attempt  being 
made  to  utilise  the  sulphur  dioxide  that  escapes  in  this  further 
roasting.  Lump  blende  may  be  part  roasted  in  kilns  or  pyrites 
burners ;  for  the  preliminary  roasting  of  pulverulent  blende  the 
Gerstenhofer  furnace  has  come  into  use. 

Calcination  of  Lunvi')  Blende  in  Shaft  Furnaces 

Kilns  or  pyrites  burners  may  be  employed  for  roasting  blende  in 
lumps. 

Kilns  are  moderately  high  shaft  furnaces,  in  which  the  ore  to  be 
roasted  rests  either  upon  a  grate   or   upon  a  flat  or  saddle-shaped 

''  Btrrj,  mid  Hiitten.  Ztij.,  1872,  pp.  53 — 61. 
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floor.^  They  are  distinguished  from  pyrites  burners  by  their  greater 
height,  and  they  keep  the  temperature  better  together  than  the 
latter.  They  are  therefore  specially  suitable  for  the  calcination  of 
blendes  which  are  low  in  pyrites  and  in  sulphur.  The  shaft  of  these 
kilns  is  rectangular  or  square  in  cross  section,  3  feet  3  inches  to  5  feet 
wide  in  the  clear,  and  5  feet  to  8  feet  3  inches  long  in  the  clear.  As 
soon  as  the  blende  has  taken  fire,  it  continues  to  burn  by  itself  on 
account  of  the  heat  generated  by  the  oxidation  of  its  constituents, 
and  this  produces  the  temperature  requisite  to  maintain  the  calcina- 
tion. In  favourable  cases  the  sulphur  maybe  removed  down  to  6  to 
8  per  cent.  Upon  the  average,  the  quantity  of  ore  put  through  in 
one  shaft  amounts  to  1  ton  per  24  hours.  In  the  Freiburg  kilns, 
whose  construction  has  been  described  in  Vol.  I.,  pp.  50-52,  1'2  tons 
of  blende  are  roasted  in  24  hours,  from  80  per  cent,  of  sulphur  down 
to  8  per  cent.,  calcined  ore  being  drawn  four  times.  This  ore  is  then 
ground  and  calcined  in  reverberatory  furnaces  down  to  1  joer  cent,  of 
sulphur. 

Pyrites  burners  are  low-shaft  furnaces  in  which  the  ores  to 
be  roasted  lie  upon  a  grate  of  movable  bars.  These  have  been 
described  and  illustrated  in  Vol.  I.,  p.  45  et  seq.  They  are  suitable 
for  the  preliminary  calcination  of  easily  combustible  blendes,  and  will 
treat  smaller  pieces  (down  to  walnut  size)  than  will  kilns.  The 
sulphur  may  be  brought  down  to  6  to  8  per  cent.  At  Letmathe, 
near  Iserlohn,^  pyrites  burners,  6  feet  8  inches  to  6  feet  6  inches  in 
length  and  width,  and  4  feet  3  inches  to  4  feet  5  inches  high,  each 
with  one  working  door  in  both  free  sides,  were  employed,  several 
such  furnaces  being  built  together  in  a  block.  Each  shaft  roasted 
1  ton  of  zinc  blende  in  24  hours  down  to  7  per  cent,  of  sulphnr.. 
The  roasted  ore  was  then  roasted  dead  in  reverberatory  furnaces. 

At  Lipine,  pyrites  burners  are  at  present  (1895)  in  use,  whose 
height  above  the  floor  of  the  works  is  9  feet  2  inches ;  the  shaft  is 
4  feet  1  inch  square.  Twenty-six  furnaces  form  a  block.  The  height 
of  the  layer  of  blende  above  the  grate  amounts  to  IG  inches.  In  24 
hours  half  a  ton  of  blende,  containing  25  per  cent,  of  sulphur,  is 
roasted  down  to  10  per  cent.  The  gases  evolved  contain  6  per  cent, 
by  volume  of  sulphur  dioxide.  One  attendant  is  required  to  every 
10  furnaces,  working  a  12-hour  shift.  The  roasted  blende  is  crushed 
in  rolls  and  then  roasted  dead  in  reverberatory  furnaces. 

At  the  Recke  Works,  near  Rosdzin,  in  Upper  Silesia,  there  are  at 
present  (1895)  pyrites  burners  in  use,  the  shaft  being  3  feet  3  inches 
wide  and  deep,  with  a  total  lieight  of  8  feet  2  inches.     The  blende  is 
1  Vol.  I. ,  p.  49.  -  Kerl,  Metcdlhuttenlmnlt,  p.  439. 
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broken  to  nut  size,  and  contains  24  to  33  per  cent,  of  sulphur.  The 
height  of  the  layer  above  the  grate  amounts  to  2  feet.  In  24  hours, 
7  cwts.  of  blende  ai-e  roasted  in  each  shaft  down  to  7  per  cent,  of 
sulphur;  the  escaping  gases  contain  7  per  cent,  by  volume  of  sulphur 
dioxide.  There  are  23  to  80  such  shafts  combined  to  form  one 
block  ;  each  such  block  requires  two  attendants  with  two  assistants 
per  day.  The  calcined  ore  is  ground  between  rolls  and  then  roasted 
dead  in  long-bedded  calciners.  The  output  of  a  set  of  rolls  is  100 
tons  in  12  hours. 

Calcination  of  Cruslied  Blende  in  Shaft  Furnaces 

As  far  as  the  author  knows,  Gerstenhofer  furnaces  are  the  only 
ones  of  this  class  that  have  come  into  use  up  to  the  present  for 
calcining  pulverulent  blende.  These  furnaces,  which  are  specially 
adapted  for  pyritic  blende,  have  been  described  and  illustrated  in 
Vol.  I.,  p.  52.  If  the  result  is  to  be  satisfactory,  the  blende  must  be 
crushed  very  small,  entailing,  however,  the  objection  of  the  formation 
of  a  considerable  quantity  of  flue-dust.  Even  in  the  most  favourable 
conditions,  the  sulphur  can  nevertheless  not  be  brought  down  below 
5  or  6  per  cent.,  so  that  even  here  a  subsequent  calcination  in  reverbera- 
tory  furnaces  is  necessary ;  the  Gerstenhofer  furnace  can  also  be  used 
for  this  after-calcination  by  converting  the  lower  part  of  it  into  a 
kind  of  reverberatory  furnace  by  means  of  a  lateral  fireplace.  In 
this  case  the  escaping  gases  cannot  be  utilised  in  the  manufacture  of 
sulphuric  acid,  so  that  the  employment  of  a  long-bedded  furnace  for 
the  dead  roasting  of  the  blende  is  preferable ;  the  arrangement  of  a 
Gerstenhofer  furnace  combined  with  an  auxiliary  fireplace  is  shown 
in  Fig.  11.  T  is  the  lower  part  of  the  shaft  with  the  carriers  t  for  the 
ore  ;  F  is  the  firegrate  from  which  the  products  of  combustion  pass 
through  the  flue  c  into  the  shaft.  -ST  is  a  portion  of  the  dust  chamber  ; 
s  is  a  screw  for  the  conveyance  of  the  calcined  ore  into  the  wagon  lo ; 
k  is  a  flue  which  conveys  the  sulphur  dioxide  escaping  from  the 
residues  into  the  stack.  In  the  Gerstenhofer  furnace  1  to  2  tons  of 
blende  can  be  roasted  in  24  hours.  It  has  the  objection  that  a  very 
considerable  amount  of  flae-dust  is  produced,  and  for  this  reason  has 
only  been  definitely  employed  in  a  small  number  of  works.  It  has 
been  used  for  calcining  blende  at  the  Mulden  works,  near  Freiburg, 
and  at  Swansea,  in  England. 

Calcination  in  Fieverlieratory  Farnaces 

Reverberatory  furnaces  should  as  a  rule  be  employed  for  the 
calcination  of  zinc  blende  when  the  gases  produced  are  not  to  be 
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utilised.  In  highly  cultivated  countries  the  sulphur  dioxide  formed 
in  these  furnaces  can  only  be  allowed  to  escape  into  the  air  in  a 
highly  dilute  condition,  or  else  it  has  first  to  be  rendered  innocuous. 
Reverberatory  furnaces  admit  of  a  rapid  and  complete  calcination, 
and  require  less  fuel  and  labour  than  muOfle  furnaces.  The  rabbling 
and  stirring  of  the  crushed  ore  requisite  for  a  good  calcination  may 
be  performed  either  by  hand-work  or  mechanically.  Ths  working 
chamber  of  the  reverberatory  furnace  is  either  fixed  or  else  movable. 


In  the  latter  case,  the  hearth  alone  may  either  be  rotated  or  else  the 
Avhole  working  chamber  may  be  movable.  We  therefore  have  to 
distinguish  between — 

Fixed  Reverberatory  Furnaces. 

Reverberatory  I'\arnaces  with  movable  Hearths. 

Reverberatory  Furnaces  with  movable  Working  Chambers  (rotating 
cylinders). 

Calcination  in  Fixed  Reven'teratory  Furnaces 

Of  the  fixed  reverberatory  furnaces,  only  the  ordinary  reverber- 
atory has  up  to  the  present  come  into  use.  Grate-fired  shaft  furnaces 
have  not  yet  been  used  for  the  calcination  of  zinc  blende.     Whether 
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the  Stetefeldt  furnace,  which  has  given  sucl)  excellent  results  as 
regards  fuel  consumption,  labour,  and  output,  in  the  chloridising 
roasting  of  silver  ores  (Vol.  I.,  page  685),  might  not  be  suitable  also 
for  the  oxidising  roasting  of  zinc  blende  has  not  yet  been  proved 
experimentally.  Fixed  reverberatory  furnaces  may  be  divided  into 
those  worked  by  hand  and  those  worked  by  machinery.  The  latter 
kind  should  be  employed  in  districts  where  labour  is  high,  whereas 
where  labour  is  cheap  the  former  class  should  have  the  preference  both 
over  the  latter  types,  as  also  over  reverberatory  furnaces  with 
movable  hearths  or  working  chambers. 

Calcination  in  Fixed  Beverhcratories  ivorked  hy  Hand 

It  is  only  in  rare  cases  that  such  furnaces  are  heated  by  the 
waste  heat  from  zinc  reduction  furnaces.  Such  an  employment  of 
waste  heat  cannot  be  recommended,  seeing  how  much  care  is 
required  in  the  calcination  of  zinc  blende,  and  seeing  that  the 
temperature  which  the  various  stages  of  this  roasting  require  has  to 
be  carefully  graduated.  As  a  rule,  therefore,  the  calcination  of  zinc 
blende  should  be  carried  on  independently  of  the  reduction  furnaces. 

Independent  Rcverheratory  Furnaces  vwrlicd  hy  Hand 

These  furnaces  are  best  built  as  long-bedded  furnaces  working 
continuously  {Fortschaufelungsofen).  Such  furnaces  are  best  fitted 
with  only  one  hearth,  these  presenting  the  advantages,  as  compared 
to  those  with  several  hearths  one  above  the  other,  of  smaller  first 
cost,  smaller  need  for  repairs,  and  greater  facility  in  working  and 
charging ;  the  latter  kind  should  only  be  used  where  ground 
space  is  either  very  valuable  or  not  obtainable.  The  heat 
economised  by  several  hearths  is  not  of  any  importance.  It 
may  also  be  saved  with  furnaces  having  but  one  hearth,  if 
the'  products  of  combustion  are  carried  off  through  arched  flues 
disposed  under  the  hearth,  and  if  the  furnace  itself  is  coated  with  a 
nonconductor  of  heat.  In  spite  of  the  above  objections  furnaces 
with  two  hearths  have  up  to  the  present  received  the  preference  over 
those  with  one  hearth.  The  length  of  the  hearth  depends  upon  the 
sulphur  contents  of  the  blende.  As  the  sulphur  acts  as  fuel,  the 
hearth  may  be  longer  the  greater  the  percentage  of  sulphur  in  the 
blende.  Experience  has  shown  that  with  single-hearth  furnaces 
the  hearth  should  not  exceed  40  feet,  and  that  with  two  hearths 
placed  one  above  the  other,  the   sum  of  the   two   hearths   should 
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not  be  greater  than  50  feet.  A  greater  length  than  the  above  i& 
not  beneficial  as  regards  the  result  of  the  calcination,  increases  the 
first  cost,  and  requires  more  labour.  The  width  of  the  hearth  must 
be  such  that  the  ore  can  readily  be  rabbled  and  pushed  on.  If  the 
furnace  only  possesses  working  doors  in  one  of  its  long  sides, 
which  seems  to  be  an  advantage  in  the  calcination  of  blende  in 
order  not  to  dissipate  heat,  its  width  must  not  greatly  exceed  8  feet. 
If,  on  the  contrary,  it  has  Avorking  doors  on  both  of  its  long 
sides,  the  width  of  the  hearth  may  be  increased  up  to  13  feet. 
Such  furnaces  are  however,  only  employed  exceptionally,  because  a 
uniform  calcination  is  more  difficult  in  them,  and  the  consumption 
of  fuel  is  increased.  The  number  of  working  doors  must  be  kept  as 
low  as  possible,  as  the  furnace  is  cooled  by  them.  In  order  to 
economise  heat,  it  is  therefore  usual  to  have  the  working  doors  in 
one  side  only,  in  spite  of  the  greater  difficulties  in  working.  Experience 
has  shown  that  the  distance  between  the  centre  lines  of  two  adjacent 
working  doors  should  not  exceed  8  feet,  for  the  sake  of  convenience  in 
working.  The  projections  between  the  working  doors  must  also  be 
kept  as  small  as  possible.  The  distance  between  the  hearth  and  the 
arch  of  the  roof  should  not  greatly  exceed  18  inches.  To  utilise  the 
heat  to  the  best  advantage,  it  is  usual  to  incline  the  arch  of  the  roof 
downwards,  or  to  allow  the  hearth  to  rise  either  uniformly  or 
stepwise,  towards  the  flue-bridge.  As  very  high  temperatures  are  not 
required  for  calcination,  an  ordinary  grate-fire  is  generally  employed  ; 
gas-firing  is  only  made  use  of  when  inferior  fuels,  or  fuel  that  will  not 
give  a  long  flame,  are  alone  available.  The  construction  of  such  a 
long-bedded  calciner  for  the  calcination  of  zinc  blende  does  not  difl'er, 
except  as  regards  dimensions,  from  the  furnace  described  and  illus- 
trated in  Vol.  I.,  p.  68.  In  a  single-hearth  calciner  40  feet  in  length, 
8  to  10  feet  wide,  with  a  grate  6  feet  6  inches  long  and  18  inches  wide,. 
3  tons  of  zinc  blende  can  be  roasted  in  24  hours  with  a  consumption  of 
1  ton  of  coals,  and  with  one  man  per  shift. ^  The  ore  is  introduced  in 
charges  of  15  cwts.  through  an  opening  in  the  roof  of  the  flue,  and  is 
pushed  forward  at  intervals  of  6  hours.  Accordingly,  there  are  four 
charges  of  ore  in  the  furnace  at  once,  and  15  cwts.  are  drawn  every  G 
hours.     The  ore  is  rabbled  in  15-minute  intervals. 

Long-bedded  calciners  with  several  hearths  usually  possess  two  of 
the  latter  ;  more  than  two  are  only  used  exceptionally.  The  construc- 
tion of  such  a  double-hearth  furnace  is  shown  in  Figs.  12  and  13.-  Four 
such  furnaces  are  built  together  to  form  a  block  ;  c  is  the  grate, 
lying  2  feet  4  inches  below  the  fire-bridge  d,  which  is  hollow  and 
'  Thum,  op.  cit.,  p.  202.  •  Berg,  und  Hittten.  Ztg.,  1877,  p.  lUU. 
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•cooled  by  an  air  liue ;  a  is  the  lower  hearth,  a^  the  upper  hearth, 
the  length  of  each  being  15  feet  3  inches,  and  their  clear  width 
8  feet ;  e,  is  the  flue  through  which  the  products  of  combustion  escape 
into  the  condensing  flues,  c^,  and  thence  to  the  flue  /,  leading  to  the 
stack.  To  each  block  of  four  furnaces  there  is  one  stack ;  i  is  the 
ashpit,  Z:,  Ic  are  the  working  doors,  g  is  an  opening  closed  during 
•calcination,  through  which  the  calcined  blende  can  be  dropped  into  the 


/^^ 


Figs.  \i  and  13. 


vault.  In  such  a  furnace  3  to  4  tons  of  blende  are  roasted  in  24  hours, 
with  one  man  on  each  shift,  and  with  a  consumption  of  30  per  cent, 
of  fuel.  Double-bedded  furnaces  have  been  used  at  the  zinc  Avorks 
in  Upper  Silesia,  Westphalia  and  Belgium,  and  are  still  used  where 
not  replaced  by  muffle  furnaces.  In  these  from  2^-  to  6  tons  of  ore, 
according  to  the  size  of  the  furnace,  are  put  through,  with  a  consump- 
tion of  from  25  to  40  per  cent,  of  coal,  according  to  the  quality.  For 
the  smaller  furnaces  treating  up  to  3  tons,  one  workman  per  shift  is 
■enough  ;  for  the  larger  furnaces  two   men  are  required. 
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At  Oberhausen  ^  the  furnace  hearths  are  each  21  feet  4  inches  long 
and  6  feet  6  inches  wide.  The  cross  section  of  the  grate  is  6  feet  6  inches 
by  1  foot  4  inches.  In  24  hours,  3  tons  of  ore  are  put  through,  with  a 
consumption  of  12  to  14  cwts.  of  small  bituminous  coal,  containing 
11  per  cent,  of  ash.  The  calcined  ores  contain  0"57  to  0'83  per  cent, 
of  sulphur.  The  loss  of  zinc  during  calcination  does  not  exceed  OTo- 
per  cent.  At  Ammeberg,-  in  Sweden,  similarly  constructed  furnaces 
are  used,  fired  by  gas.  In  24  hours,  3  tons  2  cwts.  of  blende  are  cal- 
cined down  to  1*20  to  1'25  per  cent,  of  sulphur,  with  a  consumption 
of  11  cwts.  of  small  coal.  Four  furnaces  are  worked  by  a  staff  of  20 
men  in  two  12-hour  shifts.  At  Mtlnsterbusch,  near  Stahlberg,  a 
furnace  with  hearths  20  feet  7  inches  in  length  and  9  feet  3  inches  in 
width,  having  5  working  doors  along  one  side,  calcined  2h  tons  of 
blende  per  24  hours  in  4  charges,  with  a  consumption  of  39  cubic 
feet  of  coal.  Every  6  hours  a  charge  of  ore  was  drawn  from  the 
furnace,  and  a  new  charge  put  in.  Three  hours  after  each  charging, 
all  the  ore  contained  in  the  furnace  was  thoroughly  rabbled.  At  the 
Hohenlohe  Works,  near  Kattowitz,  in  Upper  Silesia,  there  are  double- 
bedded  furnaces,  with  5  working  doors  along  one  of  the  longer  sides. 
Three  charges  of  1  ton  each  are  contained  simultaneously  in  the 
furnace,  two  on  the  upper  and  one  on  the  lower  hearth.  Each  charge 
remains  for  5  hours  before  it  is  moved  forward,  so  that  the  ore 
remains  altogether  15  hours  in  the  furnace.  Every  5  hours  a  charge 
is  drawn  from  the  furnace,  and  a  new  charge  introduced  upon 
the  upper  hearth.  In  24  hours  some  5  tons  of  blende  are  calcined 
down  to  1  per  cent,  of  sulphur  in  one  such  furnace,  with  a  fuel  con- 
sumption amounting  to  25  per  cent,  of  the  weight  of  the  raw  ore. 
The  escaping  gases  contain  1  per  cent,  by  volume  of  sulphur  dioxide. 
For  the  absorption  of  the  latter  they  are  made  to  pass  upwards  and 
downwards  through  towers  containing  milk  of  lime,  and  finally  dis- 
charsred  into  a  stack  32S  feet  hio;h.  At  the  Silesian  Works,  near 
Lipine,  double  hearth  calciners  are  at  present  (1895)  in  use.  The 
length  of  the  hearths  amounts  to  22  feet,  the  width  to  6  feet  6  inches, 
There  are  4  to  5  working  doors  to  each  hearth.  The  furnace  contains 
3  charges  of  13  cwts.  each  at  one  time.  In  24  hours  a  furnace  puts 
tlirough  5  tons  2  cwts.  of  blende,  with  a  consumption  of  24  cwts.  of 
inferior  coal.  The  labour  employed  in  the  12-hour  shift  amounts  to 
2\  men,  two  of  whom  look  after  the  calcining  and  the  firing ;  a 
labourer,  working  a  quarter  shift,  looks  to  the  charging  of  the  blende 
and  wheels  in  the  coals.  At  the  Eecke  works,  near  Rosdzin,  double- 
hearth  calciners  are  at  present  (1895)  in  use,  the  length  of  each 
Mahler,  Annales  des  Mines,  Vol.  vii.,  book  iii.,  p.  152,  1885.  -  Ibid. 
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hearth  being  20  feet.  The  width  amounts  to  G  feet  6  inches,  with 
six  working  doors  to  each  hearth.  In  24  hours,  Sh  tons  of  blende 
are  calcined,  with  a  consumption  of  1  ton  of  small  coal.  One  man 
works  the  furnace  on  a  12-hour  shift.  At  the  Cilli^  works  a  part  of 
the  blende,  poor  in  sulphur,  is  calcined  in  double-hearth  furnaces, 
each  hearth  being  25  feet  long  and  8  feet  broad,  with  working  doors 
along  one  of  the  longer  sides.  In  24  hours  3  charges  of  15  cwts. 
each  are  roasted. 

The  decrease  in  the  sulphur  and  the  formation  of  zinc  sulphate 
durins:  the  calcination  of  blende  in  a  double-bedded  calciner  at 
the  works  of  the  Vieille  Montague,  near  F'lone,  in  Belgium, 
are  shown  in  the  following  table,  in  which  A  designates  uncalcined 
ore,  Z  calcined  ore,  2  to  8  the  various  samples  taken  one  after 
a-nother  : — 


Sn.iir.lP             ^"^'^  Sulphide 

Zinc  Sulpliate 

Zinc  Oxide 

per  cent. 

per  cent. 

per  cent. 

1 

A     .    .    . 

83-0 

0 

0 

2  . 

70-5 

3-7 

15-2 

3  . 

52-2 

3-9 

34-6 

4  . 

51-5 

4-2 

38-0 

5  . 

43-0 

11-U 

41-5 

6  . 

23-2 

12-3 

57-8 

7 

17-7 

7-8 

65 -0 

8  . 

8-(i 

6-2 

75  5 

Z  . 

1-9 

5-9 

81-0 

A  similar  comparison  of  the  results  of  calcining  blende  in  a  single- 
hearth  reverberatory  furnace  at  the  works  of  the  Austro-Belgian 
Company  at  Corphalie,  in  Belgium,  is  as  follows  : — 


Sample. 

i 

Zinc  Svdpliide 

Zinc  Sulphate 

Zinc  Oxide 

per  cent. 

per  cent. 

per  cent. 

A      .    .    .    . 

64-5 

0 

0 

2 

58-0 

3-4 

4-6 

3 

38-0 

7-9 

19-0 

4 

17-5 

8-4 

39-0 

5 

10-U 

2-6 

50-5 

Z 

1-2 

2-2 

59-7 

Multiple-hearth  furnaces  are  used  at  La  Salle  in  the  State  of 
Illinois,  United  States  of  America,"^  The  separate  hearths  form 
shelves  placed  alternately  one  above  the  other,  as  in  the  Maletra 
furnace  (Vol.  I.,  page  58),  over  which  the  ore  passes  from  top  to  bottom. 


Berrj.  it.  Hiitt.  Ztg.,  No.  4,  1894. 


-  Leoh,  Jahrb.,  vol.  xx\'ii.,p.  316,  1879. 
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whilst  the  flames  and  products  of  combustion  travel  in  the  opposite 
direction.  The  furnace  forms  a  cube  of  15  feet  side  and  is  composed  of 
5  separate  divisions  lying  side  by  side,  each  3  feet  wide  and  15  feet 
long.  Each  of  these  divisions  has  8  hearths  one  above  the  other,  as 
described.  Each  furnace  of  5  compartments  puts  through  36  cwts. 
of  blende  in  24  hours.  Recently  the  muffle  furnaces,  hereafter  to  be 
described,  have  been  employed  at  La  Salle. 

Revcrheratory  Furnaces  heated  hy  the   Waste  Heat  of  Zinc  Reduction 
Furnaces  and  ivorked  hy  Hand 

Such  furnaces  have  been  constructed  by  Thumin  England,  where 
they  were  heated  by  the  waste  heat  of  a  Belgian  zinc  furnace.  Such 
a  furnace  with  a  hearth  41  feet  long  and  10  feet  broad,  the  height  of 
the  arch  above  the  hearth  being  2  feet,  is  in  operation  at  Bagillt, 
and  calcines  30  to  32  cwts.  of  blende  in  24  hours.  These  furnaces 
are  open  to  the  serious  objection  that  the  calcination  is  entirely 
dependent  upon  the  working  of  the  reduction  furnaces,  and  are 
therefore  not  to  be  recommended.  Waste  heat  from  the  reduction 
furnace  can  be  employed  more  advantageously  for  other  purposes. 

Calcination  in  Fixed  Rexerheratory  Furnaces  'ivorlccd  ly 
3fachinery 

The  furnaces  belonging  to  this  class  are  furnaces  with  movable 
rabbles  for  stirring  the  blende.  On  account  of  the  high  temperature 
which  the  calcination  of  blende  requires  in  its  later  stages,  it  is 
advisable  only  to  employ  these  mechanically .  moved  rabbles  in  the 
first  portion  of  the  calcination,  that  is  to  say,  on  the  upper  hearths, 
and  to  complete  the  dead-roasting  by  hand ;  as  the  movable  portions 
are  continually  in  need  of  repair  and  occasion  no  inconsiderable 
expense,  such  furnaces  can  only  be  employed  with  advantage  in 
districts  where  wages  are  high.  In  spite  of  their  economy  in  labour, 
they  have  up  to  the  present  been  emploj^ed  in  but  few  works. 
Experimentally,  a  furnace  of  this  kind — that  of  Ross  and  Welter — 
was  employed  at  Oberhausen.^  This  furnace  consists  of  3  hearths, 
one  above  the  other,  of  which  the  lowest  is  straight  like  that 
of  a  long- bedded  calciner,  whilst  the  two  upper  hearths  are 
circular ;  in  the  two  upper  hearths  rabble-arms,  attached  to  a 
vertical  shaft,  are  rotated  as  in  Parkes's  furnace  (Vol.  I.,  page  78). 
There  is  a  charging  apparatus  which  delivers  the  ore  to  the  top- 

'   Maliler,  Berij.  unci  Hiitien.  Ztj.,  p.  180,  1886. 
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most  hearth,  and  by  means  of  the  revolving  rabbles,  v/hich  make 
one  revolution  per  minute,  it  is  stirred  and  gradually  transferred 
to  the  lower  hearth.  It  is  here  again  stirred  by  the  rabble  revolving 
once  per  minute  and  gradually  pushed  on  to  the  bottom  hearth,  where 
it  is  rabbled  and  advanced  by  hand.  The  rabbles  are  secured  to  a 
sleeve,  through  which  passes  a  vertical  hollow  cast-iron  shaft.  The 
latter  is  moved  by  gearing,  and  thus  sets  the  sleeve  in  motion  ;  air  is 
made  to  pass  through  the  hollow  shaft  in  order  to  cool  it.  In  this 
furnace,  which  is  worked  by  one  man,  3  tons  of  blende  are  said  to 
be  put  through  in  24  hours,  with  a  consumption   of  15  cwts.  of  coal. 

m 


Fig.  14. 


This  furnace  would  appear  to  be  identical  with  one  patented  by  the 
Vieille  Montague  Company,^  except  that  the  latter  has  three  round 
hearths.  The  construction  of  the  patented  furnace  is  shown  in  Fig.  14. 
A,  A  are  the  three  round  hearths  situated  one  below  the  other,  Y  is 
the  rectangular  hearth,  X  is  the  fire-grate.  The  products  of  com- 
bustion first  pass  over  the  hearth  Y,  and  then  over  the  round  hearths 
one  after  the  other,  as  shown  in  the  figure  by  the  arrows.  From  the 
topmost  hearths  they  pass  to  the  dust  chamber  C,  and  from  the  latter 
to  the  flue  D.  The  ore  is  charged  by  means  of  a  hopper  a,  and 
delivered  by  means  of  grooved  rollers  on  to  the  topmost  hearth  of  the 
furnace,  whence  it  is  gradually  transferred  by  means  of  the  rabbles  to 
the  lower  hearths,  and  ultimately  on  to  the  rectangular  hearth,  where  it 
is  worked  by  hand,  and  finally  drawn  off  in  the  calcined  state.  The 
shaft  I)  of  the  rabbles  is  surrounded  by  a  cast-iron  cylinder,  which  is 
so  attached  to  the  shaft  that  it  rotates  with  it ;  air  enters  the  hollow 
space  between  the  shaft  and  the  cylinder  from  the  flue  W,\xi.  order  to  cool 
the  shaft,  and  escapes  at  its  upper  portion  situated  outside  the  furnace. 

^  German  Patent,  No.  24,155. 
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A  hollow  shaft  could  also  be  employed  (as  iii  the  furnace  of  Ross  aud 
Welter),  the  rabble  arms  being  attached  to  a  sleeve  consisting  of  two 
halves  ;  this  sleeve  is  secured  to  the  shaft  or  to  the  cast-iron  cylinder. 
On  each  bed  there  are  two  rabble-arms,  e,  secured  to  the  shaft ;  the 
one  is  provided  with  tines  placed  radially,  whilst  inclined  blades  are 
attached  to  the  other.  The  teeth  rabble  the  ore,  whilst  the  inclined 
blades  of  the  other  arms  push  it  according  to  their  direction, 
either  towards  the  middle  or  towards  the  circumference  of  the  hearth, 
where  it  passes  through  suitably  disposed  openings  ora  to  the  hearth 
below. 

At  Oberhausen  there  are  at  present  in  use  muffle  furnaces  with 
movable  rabbles. 

Another  form  of  reverberatorv  furnace  worked  by  machinery 
(that  of  O'Harra,  Vol.  I.,  page  72)  which  is  distinguished  by  its 
great  capacity  and  its  small  consumption  of  fuel,  has  hitherto  only 
been  employed  for  the  calcining  of  copper  ores  and  lead  ores.  It 
should,  however,  also  be  suitable  for  a  preliminary  roasting  of  zinc 
blende,  just  like  the  upper  hearths  of  a  multiple-bedded  reverberatory. 
The  dead-roasting  of  the  blende  would  in  that  case  be  completed  in 
a  separate  furnace,  worked  by  hand.  Other  furnaces  which  should 
be  suitable  for  the  calcination  of  zinc  blende  under  the  above 
conditions  are  the  Turret  furnace  of  Pearce  (Vol.  I.,  page  75), 
notable  for  its  large  output,  as  also  the  very  efficient  horse-shoe 
furnace  of  Brown  (Vol.  I,,  page  76).  The  latter  is  especially 
recommended  as  requiring  very  few  repairs.  It  is  used  for  the 
calcination  of  blende  at  the  works  of  the  Collinsville  Zinc  Company 
of  Collinsville,  Illinois,  U.S.A.,  and  at  the  Glendale  Zinc  Works  of 
South  St.  Louis,  Missouri,  where  it  has  given  good  results.  At  the 
Collinsville  Avorks,  one  furnace  with  4  grates  produced  10  tons  of 
roasted  blende  with  085  to  1  per  cent,  of  sulphur  in  24  hours  from 
ore  containing  originally  30  per  cent,  of  sulphur.  The  consumption 
of  fuel,  6  tons  of  duff  in  24  hours,  must  not  be  taken  as  a  standard, 
on  account  of  the  inferior  quality  of  the  coal. 

Calcination  in  Beverheratory  Furnaces  with  Movable  Hearths 

Reverberatory  furnaces  with  movable  hearths  have  only  been  used 
exceptionally  on  account  of  their  high  consumption  of  fuel  and  their 
comparatively  small  output  compared  with  that  of  fixed  furnaces ;  and 
on  account  of  these  objections,  as  also  on  account  of  the  high 
temperature  required  for  calcining  blende,  they  are  not  likely  to  come 
into  extensive  use.    Up  to  the  present,  they  have  only  been  employed 
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with  advantage  for  the  chloridising  roasting  of  copper  ores,  for  which 
process  a  Very  low  temperature  is  required  (see  Gibbs  and  Gelstharpe 
furnace,  Vol.  I.,  page  230),  as  also  for  the  calcination  of  tiu  ores 
containing  arsenical  pyrites,  which  likewise  does  not  require  a  high 
temperature  (Brunton  furnace,  see  under  Tin),  and  then  only  in 
districts  where  the  cost  of  labour  is  high. 

Kuschel  and  Hinterhuber  have  designed  a  furnace  which  has  been 
used  at  Johannisthal  in  Lower  Carinthia.^  This  furnace  is  provided 
with  a  round  hearth  capable  of  revolving,  and  with  rabble -teeth  of 
firebrick,  which  pass  through  the  roof  of  the  furnace,  and  can  be  with- 
drawn from  the  rabble  arm,  but  are  fixed  during  the  progress  of  the 
calcination.  There  are  two  rabble  arms,  each  with  5  teeth.  These 
teeth  are  so  arranged  that  as  the  hearth  revolves,  those  in  one  arm 
occupy  the  position  of  the  furrows  produced  by  those  in  the  other 
arm.  These  teeth  are  hollow,  and  also  serve  for  the  introduction  of 
the  powdered  ore  into  the  furnace.  When  the  oven  is  to  be  charged, 
the  upper  portions  of  the  teeth  are  open,  these  being  closed  during 
the  progress  of  the  operation  by  clay  plugs.  The  latter  are  lifted, 
and  by  means  of  a  funnel  powdered  ore  is  introduced  into  the  hollow 
teeth.  By  the  slow  turning  of  the  hearth  the  ore  then  becomes 
distributed  over  it.  When  the  furnace  is  to  be  emptied,  a  grating 
formed  of  inclined  iron  plates,  which  is  concealed  in  a  radial  slot  in 
the  furnace  arch  when  not  in  use,  is  let  down  upon  the  hearth,  as  in 
the  case  of  the  Gibbs  and  Gelstharpe  furnace,  and  by  this  means  the 
calcined  ore  is  pushed  into  four  apertures  at  the  edge  of  the  hearth, 
and  thence  into  a  vault  beneath  the  furnace.  The  diameter  of  the 
hearth  is  13  feet,  the  height  at  the  centre  is  20  inches,  and  at  the 
circumference  7  inches;  the  arch  is  12  inches  in  thickness.  The  furnace 
is  fired  by  means  of  2  grates  lying  side  by  side,  the  products  of 
combustion  escaping  through  13  flues  opposite  to  the  fireplace.  In 
order  to  promote  calcination,  water  vapour  is  injected  in  the  last 
stages.  In  24  hours  1  to  2  tons  of  blende  are  said  to  be  roasted  in 
this  furnace,  with  a  consumption  of  1'2  tons  of  coals.  The  roasting 
is  said  not  to  be  as  complete  as  might  be  desired.  On  account  of 
the  above-named  objections,  this  furnace  has  not  come  into  general 
use. 

Calcination  in  Beverheratory  Furnaces  loith  Movable  Working 

Chambers 

These  furnaces  are  composed  of  rotating  cylinders  working  inter- 
mittently or  continuously,  and  have  up  to  the  present  been  used  witli 
1  Berg,  unci  Hiitten.  Ztg.,  1871,  p.  321  ;  1872,  p.  200. 
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great  advantage  for  the  oxidising  roasting  of  copper  ores  and  for  the 
chloridising  roasting  of  silver  ores,  in  districts  where  wages  are  high. 
As  far  as  is  known  to  the  author,  they  have  not  been  used  for  calcin- 
ing zinc  blende,  thoug^h  there  is  no  doubt  that  zinc  blende  could  be 
calcined  in  such  furnaces.  Considering  the  long  time  which  the 
complete  calcination  of  blende  requires,  and  the  high  temperature 
requisite  in  the  last  stage,  continuous-acting  furnaces  should  be  more 
satisfactory  than  those  that  work  intermittently.  As  it  is  doubtful 
whether  calcination  could  be  completed  in  one  of  these  cylinders,  it 
might,  in  case  of  necessity,  be  requisite  to  combine  several  of  these 
furnaces,  one  after  the  other.  Their  use  would  only  be  indicated  in 
districts  where  wages  are  very  high. 


The   ISTeutralisatiox    of   the  Acids  of  Sulphur  Evolved  by 
Calcination  in  Reverberatory  Furnaces 

When  zinc  blende  is  roasted  in  reverberatory  furnaces,  whether  it 
has  undergone  a  previous  preliminary  roasting  or  not,  the  neutralisa- 
tion of  the  products  of  calcination,  containing  sulphur  dioxide, 
together  vvith  a  small  quantity  of  sulphur  trioxide,  plays  a  very 
important  part;  it  is  only  in  countries  which  are  as  yet  sparsely 
cultivated,  and  in  districts  in  which  vegetation  has  already  been 
destroyed  by  the  effect  of  these  gases,  that  the  latter  may  be  evolved 
direct  into  the  atmosphere  in  their  concentrated  form ;  in  all  other 
places  they  must  be  neutralised.  For  example,  in  Prussia,  the  main 
seat  of  the  production  of  zinc,  such  gases  may  only  be  allowed  to 
escape  into  the  air  when  their  contents  of  sulphur  dioxide  are  so 
small  that  no  injurious  action  upon  the  vegetation  is  to  be  feared. 
The  best  and  most  profitable  method  of  neutralisation  of  these  gases, 
viz.,  the  conversion  of  sulphur  dioxide  into  sulphuric  acid,  cannot  be 
applied  to  the  gases  evolved  from  reverberatory  furnaces,  because 
the  sulphur  dioxide  escapes  from  it  in  a  condition  of  such  excessive 
dilution  (less  than  2  per  cent,  by  volume),  and  because  it  is  inter- 
mixed with  the  products  of  combustion  of  ordinary  fuel,  which  have 
an  injurious  effect  upon  the  nitrous  gases  in  the  manufacture  of 
sulphuric  acid.  For  this  reason  reverberatory  furnaces  are  especially 
used  for  calcining  blende  in  those  cases  in  which  the  utilisation 
of  sulphur  dioxide  for  the  manufacture  of  sulphuric  acid  is  im- 
possible, owing  to  the  absence  of  any  market  for  the  latter.  The 
processes,  by  which  the  products  of  combustion  containing  sulphur 
dioxide   can  be  neutralised,  only   exccijtionally  admit  of  the  latter 
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being  utilised  at  the  same  time.  As  a  rule,  these  operations  increase 
markedly  the  cost  of  calcination.  All  attempts  up  to  the  present 
not  only  to  neutralise  but  at  the  same  time  to  iitilise  the  gases  from 
reverberatory  furnaces  have  remained  fruitless,  because  they  have 
been  found  to  be  too  costly;  there  is  here,  therefore,  a  wide  field 
open  to  metallurgical  discovery.  Sulphur  dioxide  has  been  rendered 
innocuous  by  diluting  the  gases  containing  it  with  air,  or  by  absorbing 
it  by  means  of  water,  of  sulphuric  acid  of  50°  B.,  of  milk  of  lime,  of 
limestone  and  water,  of  oxide  of  zinc,  of  basic  zinc  carbonate,  of 
magnesia,  of  ferric  oxide,  of  ferric  sulphate,  of  solution  of  sodium 
sulphide,  of  calcium  sulphide,  or  of  iron  kept  moist,  and  by  conveying 
it  into  waste  heaps  of  alum  ores. 

The  dilution  of  sulphur  dioxide  by  means  of  air  can  be  performed 
by  allowing  the  products  of  calcination  to  escape  from  the  furnaces 
into  the  upper  regions  of  the  atmosphere  by  means  of  high  stacks. 
The  sulphur  dioxide  thus  produced  diffuses  through  extensive 
layers  of  air,  and  is  diluted  by  these  to  such  an  extent  that,  on  its 
descent,  it  no  longer  has  an  injurious  effect  upon  vegetation.  This 
dilution  of  sulphur  dioxide  can  only,  however,  be  attained  when  the 
quantities  of  blende  to  be  roasted  are  limited  and  therefore  only 
inconsiderable  amounts  of  gases  are  evolved,  as  otherwise  the  injurious 
effect  of  these  gases  becomes  noticeable  in  time  in  a  wide  area 
surrounding  the  calcining  works.  If  the  contour  of  the  country 
admits  of  it,  such  stacks  should  be  situated  on  the  tops  of  high  hills 
and  connected  with  the  furnaces  by  means  of  inclined  flues.  The 
height  of  these  stacks  varies  with  their  position  between  330  and  500 
feet  (at  Hamborn  333  feet,  at  Freiberg  466  feet).  As  the  draught 
of  a  stack  cannot  be  increased  by  increasing  its  height  above 
160  feet,  all  prime  costs  which  are  necessitated  by  the  construction 
of  a  stack  higher  than  this  must  be  charged  to  the  neutralisation  of 
the  sulphur  dioxide. 

These  first  costs  are  very  considerable,  but  only  result  in  a  small 
working  charge,  because  the  actual  neutralisation  of  the  sulphur 
dioxide  then  costs  nothing.  If,  therefore,  comparatively  small 
quantities  of  these  gases  have  to  be  liberated,  the  best  method  of 
rendering  them  innocuous  is  by  means  of  such  high  stacks. 

The  products  of  calcination  can  only  be  imperfectly  neutralised 
by  the  help  of  water,  because  water  either  falhng  in  the  form  of 
rain  or  trickling  through  a  coke  tower  absorbs  only  comparatively 
little  sulphur  dioxide  from  diluted  gases,  and  scarcely  any  from 
hot  gases.     The  experiments   which    have    been    tried    to    remove 
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sulphur  dioxide  from  the  gases  given  off  from  a  reverberatory 
furnace  by  means  of  lead  towers  filled  with  coke,  over  which  water 
trickles,  were  not  only  unfavourable  as  regards  the  absorption  of  the 
sulphur  dioxide,  but  also  required  towers  of  large  area,  together  with 
powerful  fans,  in  order  to  maintain  the  draught,  suitable  dust  chambers, 
and  the  previous  cooling  of  the  gases.  The  method  of  absorbing  the 
sulphur  dioxide  b}^  means  of  water  has  therefore  not  come  into 
use.  The  absorption  of  sulphur  dioxide  from  the  products  of 
combustion  by  means  of  sulphuric  acid  at  50°  B.,  which  was 
attempted  with  the  blende  calcining  furnaces  of  the  chemical  factory 
at  Rhenania,  near  Stolberg,  has  also  been  found  imperfect,  because  the 
sulphuric  acid,  whilst  it  readily  absorbed  the  sulphur  trioxide  con- 
tained in  small  quantity  in  these  gases,  did  not  absorb  the  sulphur 
dioxide.  The  plant  employed  was  a  tower  filled  with  coke  over  which 
the  sulphuric  acid  was  allowed  to  trickle.  Apart  from  the  imperfect 
absorption  of  the  sulphur  dioxide,  the  same  objections  arose  as  in  the 
case  of  absorption  by  water.  This  method,  therefore,  has  found  no 
further  application. 

Sulphur  dioxide  and  sulphur  trioxide  are  readily  absorbed  by  milk 
of  lime,  calcium  sulphite  and  sulphate  being  produced.  The  former 
is  gradually  converted  on  contact  with  air  into  the  latter  salt.  The 
product  of  the  absorption  is  therefore  a  mixture  of  calcium  sulphite 
and  sulphate,  which,  as  experiments  at  the  Hohenlohe  Works,  near 
Kattowitz,  in  Upper  Silesia,  have  shown,  may  be  used  either  as  a 
disinfectant,  as  a  vermin  destroyer,  or  as  manure  when  mixed  in 
certain  proportions  with  animal  manure,  or  in  the  case  of  well- 
manured  ground  rich  in  humus,  even  without  such  admixture.  The 
quantities  of  this  salt  for  which  a  market  can  be  found  are,  however, 
so  small  compared  with  the  great  quantities  in  which  it  is  produced 
that  it  is  not  only  worthless,  but  may  even  be  looked  upon  as  a  waste 
product  occupying  much  space  and  therefore  troublesome. 

The  absorption  of  the  sulphur  dioxide  takes  place  in  accordance 
with  the  following  equation  : — 

CaH.30,  +  H,SO,  =  CaSOg  +  2H2O. 

It  takes  place  on  contact  and  requires  an  excess  of  the  absorbing 
solution  in  order  to  be  complete.  The  absorption  is  therefore  carried 
out  by  exposing  the  gases  in  towers  to  a  rain  of  milk  of  lime,  and 
again  using  the  product  thus  obtained,  which  still  contains  a  consider- 
able   quantity    of    free    calcium    hydrate,    as    an    absorbent.      The 
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composition  of  the   salt  is  as   follows,  accoixling  to  I)r,  Grosser    of 
Kattowitz  : — 

CaO 3775 

MgO 1-45 

Al.,0, 4-14 

Fa,0, 1-10 

SO,   " 38-40 

SO3 2-85 

CO2 4-15 

Soluble  SiO.^  j  ,.p.„ 
and  residue  j 

H,0 3-40 

98-77 

According  to  this  composition,  the  contents  of  calcium  sulphite 
amount  to  72  per  cent.,  and  of  calcium  sulphate  to  4-84  per  cent. 
Upon  the  average  the  salt,  as  produced  at  the  Hohenlohe  Works, 
contains  about  34  per  cent,  of  SOg  and  5  per  cent,  of  SO3,  equivalent  to 
64  per  cent,  of  calcium  sulphite  and  S'o  per  cent,  of  calcium  sulphate, 
together  with  6  to  10  per  cent,  of  water. ^  The  absorption  of  sulphur 
dioxide  by  milk  of  lime  is  made  use  of  in  several  of  the  large  works 
in  Upper  Silesia,  but  is  carried  out  on  the  largest  scale  at  the  above- 
mentioned  Hohenlohe  Works.  At  these  works  the  products  of  com- 
bustion are  drawn  by  means  of  stacks  upwards  and  downwards  through 
towers  down  which  milk  of  lime  is  trickling,  and  escape,  containing 
only  very  small  quantities  of  sulphur  dioxide,  into  a  stack  828  feet 
high,  by  which  the  last  remaining  portions  of  sulphur  dioxide  are 
carried  into  such  a  high  stratum  of  the  atmosphere  that  they  no  longer 
exert  any  injurious  action.  The  solution  trickling  down  the  towers  is 
led  into  sumps  in  which  the  salt  is  deposited.  It  is  lifted  out  from 
these  mechanically  and  piled  in  heaps,  whilst  the  clear  solution  is 
used  again  for  dissolving  fresh  portions  of  gas.  Although  the  process 
is  expensive,  yet  it  completely  fulfils  its  purpose,  and  has  up  to  the 
present  not  been  replaced  by  any  other  method. 

The  sulphur  dioxide  of  the  gases  escaping  from  reverberatory 
furnaces  can  also  be  neutralised  by  means  of  water  and  limestone  or 
dolomite.  For  this  purpose  towers  are  filled  with  fragments  of  the 
above-mentioned  substances  and  water  is  allowed  to  trickle  through 
them.  The  sulphur  dioxide  in  the  gases  passing  up  these  towers 
form  calcium  or  magnesium  sulphite.    The  absorption  in  this  method 

^  Kosmann,  Ohersrhlesien,  etc.,  p.  199. 
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is  less  energetic  than  it  is  by  milk  of  lime,  and  requires  towers  of 
large  area,  considerable  quantities  of  fluid,  and  a  good  draught.  It 
has  therefore,  not  yet  come  into  use  at  zinc  works. 

Zinc  oxide,  basic  zinc  sulphate  and  magnesia  have  only  been 
used  experimentally  for  neutralising  the  sulphur  dioxide  from  blende 
calcining  furnaces.  These  bodies  form  sulphites  of  zinc  or  magnesia, 
which  are  readily  decomposed  on  heating,  with  the  evolution  of 
concentrated  sulphur  dioxide.  By  their  use,  therefore,  the  diluted 
sulphur  dioxide  of  the  gases  escaping  from  the  furnaces  can  be  con- 
centrated, whilst  the  absorbent  is  regenerated.  These  sulphites  by 
long  exposure  to  the  air  and  moisture  can  also  be  converted  into 
sulphates.  As,  however,  before  sulphur  dioxide  could  be  absorbed 
the  gases  had  previously  to  be  cooled  down,  and  as  flue-dust  had  also 
to  be  removed  from  them ;  as  moreover  during  their  absorption  a 
considerable  quantity  of  sulphates  was  formed,  together  with  sulphites, 
which  former  salts  are  only  imperfectly  decomposed  when  the  mixture 
is  heated  for  the  production  of  concentrated  sulphur  dioxide,  the 
neutralisation  of  furnace  gases  by  means  of  the  substances  in  question 
has  not  come  into  extended  use.  Experiments  to  convert  the  dilute 
sulphur  dioxide  of  the  furnace  gases  into  concentrated  sulphur 
dioxide  by  means  of  water  have  failed  on  account  of  the  low 
absorbing  power  of  water  upon  dilute  sulphur  dioxide.  The  object 
of  the  experiments  was  to  absorb  sulphur  dioxide  by  means  of  water 
and  then  to  evolve  it  in  a  concentrated  form  by  heating  the  solution. 
This  process,  which  will  be  explained  more  fully  further  on,  is  only 
available  when  the  gases  contain  at  least  4  jier  cent,  by  volume  of 
sulphur  dioxide. 

Moist  ferric  oxide  absorbs  sulphur  dioxide  slowly  with  the  forma- 
tion of  ferrous  and  ferric  sulphates.  Ferric  sulphate  absorbs  it  with 
the  formation  of  ferrous  sulphate.  On  account  of  the  slow  rate  of 
absorption  and  the  low  value  of  the  products,  neither  of  these 
methods  have  come  into  use.  All  attempts  to  produce  sulphur  by 
the  reduction  of  the  furnace  gases  by  the  aid  of  carbon  have  given 
most  unsatisfactory  results.  Still  less  satisfactory  Avere  the  experi- 
ments to  separate  sulphur  by  the  action  of  sulphuretted  hydrogen 
upon  the  dilute  gases.  A  solution  of  sodium  sulphide  absorbs 
sulphur  dioxide  well,  with  the  formation  of  sodium  sulphate  and 
sulphur,  but  has  been  found  to  be  too  expensive  in  practice.  Solu- 
tions of  polysulphides  of  calcium  absorb  the  sulphur  dioxide  of 
furnace  gases  readily  with  the  production  of  sulphur,  but  come  too 
expensive.  Calcium  monosulphide  cannot  be  used  as  an  absorbent 
on  account  of  its  low  solubility  in  water. 
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Kosmann  ^  has  proposed  to  convert  calcium  monosulphide  by 
treating  it  with  carbon  dioxide  and  water  into  calcium  sulph-hydrate, 
as  is  done  by  Chance  in  his  process  for  treating  the  residues  from 
the  manufacture  of  soda  by  the  Leblanc  process,  for  the  production  of 
sulphuretted  hydrogen  or  sulphur,  and  to  use  this  calcium  sulph- 
hydrate  as  an  absorbent  for  the  sulphur  dioxide  of  the  furnace  gases. 
The  oxides  of  sulphur  are  absorbed  by  calcium  sulph-hydrate  with 
the  formation  of  calcium  sulphite  or  sulphate,  sulphur  separating 
out  as  is  shown  by  the  following  equation  : — 

CaH.S.  +  2H,S03  =  CaSOg  +  3S  +  3H,0. 

A  precipitate  of  calcium  sulphite  and  sulphate  and  of  sulphur  is 
thus  obtained. 

By  the  action  of  carbon  dioxide  upon  calcium  sulphite,  calcium 
sulph-hydrate  and  calcium  carbonate  are  first  formed.  On  further 
action  the  calcium  sulph-hydrate  is  decomposed  with  the  evolution  of 
sulphuretted  hydrogen,  calcium  carbonate  being  produced  : — 

3CaS  +  H.COg  =  CaCO.,  +  CaH.,S,  +  CaS. 
CaH^S^  -I-  H2CO3  =  CaCOg  -f '2H,S. 

Kosmann  interrupts  the  process  when  the  greater  proportion  of 
the  calcium  sulphide  has  been  converted  into  sulph-hydrate,  and  con- 
ducts the  sulphuretted  hydrogen  produced  into  a  further  quantity  of 
monosulphide,  which  is  also  converted  into  sulph-hydrate  by  the 
sulphuretted  hydrogen.  According  to  Kosmann  the  equations  are  as 
follows : — 

SCaS  +  H2CO3  =  CaCOg  +  CaH.S^  +  CaS. 

CaH^S^  +  CaS  +  H.COg  =  CaCOg  +  CaH.,S.,  +  H,S. 

CaS  +  H,S  =  CaH,S2. 

Thus  four  molecules  of  calcium  sulphide  and  two  of  carbon 
dioxide  produce  two  molecules  of  calcium  sulph-hydrate  and  two  of 
carbonate,  or  two  molecules  of  calcium  sulphide  yield  one  molecule 
of  calcium  sulph-hydrate.  The  solution  of  calcium  sulph-hydrate  is 
blown  by  means  of  an  injector  into  the  furnace  gases,  together  with 
water  vapour.  The  sulphur  dioxide  is  then  absorbed,  as  is  shown 
by  the  following  equations  : — 

CaH,S.,  -f  H,SO,  =  CaSOg  +  2  H.S. 
2H,S  +  H2SO3  =  3S  -f  8H,0. 

Each  molecule  of  sulph-hydrate  therefore  absorbs  two  molecules  of 

^  Gluckauf,  Berg,  unci  Hiitten.  Ztg.,  in  Essen,  No.  35,  May  2,  1894. 
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sulphur  dioxide  with  the  formation  of  one  molecule  of  calcium 
sulphite  or  sulphate  and  the  production  of  three  atoms  of  sulphur. 
As  two  molecules  of  calcium  sulphide  are  required  for  the  formation 
of  one  molecule  of  sulph-hydrate  if  the  process  were  conducted  exactl}'^ 
in  accordance  with  the  theory,  each  molecule  of  calcium  sulphide 
would  neutralise  one  molecule  of  sulphur  dioxide,  and  at  the  same 
time  separate  Ih  atoms  of  sulphur.  The  sulphur  is  obtained  mixed 
with  calcium  sulphite  or  sulphate.  It  is  removed  from  this 
mixture  by  boiling  with  caustic  lime,  w^hereby  calcium  polysulphide 
is  produced,  the  latter  being  employed  as  an  absorbent  for  the 
sulphur  dioxide.  The  greater  portion  of  the  sulphur  is  thereby  pre- 
cipitated with  the  simultaneous  formation  of  calcium  sulphite  and 
sulphate.  From  the  precipitate  so  obtained  the  sulphur  may  be 
recovered  by  distillation.  The  process,  though  theoretically  sound, 
has  not  yet  come  into  practical  use.  Although  calcium  sulph-hydrate 
and  calcium  polysulphide  absorb  sulphur  dioxide  far  better  than  does 
milk  of  lime,  it  must  nevertheless  be  borne  in  mind  that  the  pro- 
duction of  the  carbon  dioxide  required  for  the  process  by  the  burning 
of  limestone  or  the  combustion  of  coke  entails  no  inconsiderable  cost ; 
that  the  calcium  carbonate  produced  when  the  sulph-hydrate  is  formed 
cannot  be  utilised,  and  thus  constitutes  a  troublesome  substance 
occupying  a  great  deal  of  space ;  that  the  preparation  of  calcium 
sulphide  by  the  reduction  of  calcium  sulphate,  whenever  this  cannot 
be  obtained  in  the  form  of  residues  from  the  Leblanc  process,  also 
entails  expense  ;  and  that  of  the  calcium  contained  in  it,  only  half 
can  be  converted  into  sulphate  or  sulphite,  whilst  the  other  half  is 
converted  into  carbonate.  From  the  sulphate  or  sulphite  calcium 
sulphide  can  be  regenerated,  but  not  from  the  carbonate.  For  the 
production  of  the  requisite  calcium  sulphide  it  is  therefore  necessary 
to  add  calcium  sulphate  to  the  extent  of  one -half  of  that  entering 
into  the  process.  Finally,  considerably  more  sulph-hydrate  is  required 
than  theoretical  calculation  would  indicate,  because  the  furnace  gases 
always  contain  oxygen  and  carbon  dioxide,  both  of  which  act  upon 
the  sulph-hydrate,  the  former  converting  the  sulph-hydrate  partly  into 
calcium  hyposulphite  and  partly  into  calcium  polysulphide  in  accord- 
ance with  the  equations  : — 

CaHoS.,  +  40  =  CaS,03  +  4H.,0. 
CakX  +  O  =  CaS,  -f  H.O.' 

Whilst  calcium  polysulphide  absorbs  sulphur  dioxide,  the  hypo- 
sulphite is  not  aifected  by  it.  All  the  sulph-hydrate  which  is  con- 
verted into  that  salt  is  therefore  lost  to  the  process.     The  calcium 
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polysulpliide  produced  is  at  the  same  time  less  effective  as  an 
absorbent  than  is  the  sulph-hydrate,  seeing  that  two  molecules  of 
the  former  only  absorb  three  molecules  of  sulphur  dioxide,  instead  of 
four  molecules,  as  in  the  latter  case.  Carbon  dioxide  attacks  the 
sulph-hydrate  with  the  formation  of  sulphur  and  calcium  carbonate,  so 
that  this  calcium  takes  no  part  in  the  absorption  of  sulphur  dioxide. 

Metallic  iron  moistened  with  water,  as  proposed  by  Winkler,  acts 
well  in  the  case  of  gases  rich  in  sulphur  dioxide,  as,  for  example,  those 
generated  in  the  parting  of  gold  by  sulphuric  acid,  but  it  is  less 
effective  in  the  case  of  dilute  gases,  such  as  are  thus  evolved  from 
the  blende  calcining  furnaces.  At  Flone,  in  Belgium,  the  furnace 
gases  have  been  passed  into  waste  heaps  of  alum  ores  by  which  the 
latter  were  rendered  soluble.  The  employment  of  this  jDrocess  is, 
however,  only  possible  under  very  exceptional  local  conditions. 
Further  information  respecting  experiments  upon  the  neutralisation 
of  sulphur  dioxide  will  be  found  in  the  works  of  Reich,  Freiberg 
1858;  Winkler,  Freibergcr  Jahrhuch,  1880,  p.  50;  Schnabel,  Freuss. 
Zcitschr.  f.  Berg.-Hutt.  u.  Salinen-  Wesen,  1881,  29,  p.  395  ;  Hasen- 
clever,  Fischer's  Jahrcslerichte,  1881,  p.  173,  1886,  p.  257 ;  Zeiisch. 
d.  Ver.  Deutsch.  lug.  1886 ;  C  A.  Herring,  Die  Verdichtung  des 
Huticnrauchs,  Stuttgart,  1888. 

Calcination  in  Combined  Reverheratory  and  Mvrfle  Furnaces 

These  furnaces  are  only  employed  when  a  portion  merely  of  the 
sulphur  dioxide  evolved  on  calcining  blende  is  to  be  utilised  in 
sulphuric  acid  manufacture,  whilst  the  remainder  is  to  be  allowed  to 
escape  unused.  In  this  case  the  sulphur  dioxide  developed  in  the 
muffle  furnace  is  conveyed  into  lead  chambers,  whilst  that  escaping 
from  the  reverheratory  furnace  is  either  led  direct  into  the  air  or  pre- 
viously neutralised.  The  principle  of  these  furnaces  is,  that  the  muffles 
in  which  the  first  stage  of  the  calcination  of  the  blende  is  conducted 
shall  be  heated  by  the  gases  of  the  reverheratory  furnace,  in  which  the 
blende  is  roasted  dead.  The  muffles  may  either  lie  partly  inclined  or 
else  horizontally.  The  Hasenclever-Heibig  furnace,  designed  in  the 
year  1874  by  Hasenclever  and  Helbig,  and  used  with  great  advantage 
in  the  Rhine  districts,  Westphalia  and  Silesia,  is  a  furnace  with 
partly  inclined  muffle.  At  present  it  has  been  replaced  at  most 
works  by  the  muffle  furnace  to  be  described  further  on,  which  admits 
of  the  complete  utilisation  of  the  sulphurous  gases  evolved  in 
calcination.  There  are,  however,  still  a  few  of  these  furnaces  in 
operation  at    Lipine,   which   are    shortly    to    be   pulled    down.     The 
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furnace  consists,  as  shown  in  Figs.  23  and  24,  of  a  muffle  constructed 
in  two  parts,  situated  over  a  reverberatory  furnace  ;  the  lower  part  of 
the  muffle  m  is  horizontal,  whilst  the  upper  part  n,  which  adjoins  it,  lies 
at  an  anMe  of  43^     In  the  inclined  portion  walls  of  hard-burnt  bricks 
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FiO.  23. 


Fig.  24. 


are  built  some  20  inches  apart,  at  right  angles  to  the  long  axis  of  the 
muffle,  and  hang  down  so  far  that  between  their  bottom  edge  and  the 
floor  of  the  muffle  there  is  only  a  space  of  less  than  an  inch.  The 
object  of  these  walls  is  to  spread  the  ore,  which  is  charged  at  the 
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upper  end  of  the  muffle,  in  a  thin  bed  upon  the  floor  of  the  latter. 
In  order  to  enable  the  products  of  combustion  to  pass  unhindered  by 
these  partition  walls,  there  are  lateral  openings  in  them,  so  that  the 
gas  escapes  following  a  sinuous  line  alternately  at  one  side  or  the  other 
of  the  walls,  as  shown  in  Fig.  25.  The  pulverulent  blende  is  charged 
from  the  hopper  t  at  the  upper  end  of  the  muffle,  slides  along  the 
bottom  of  the  latter,  and  at  definite  intervals  of  time — from  2  to  5 
minutes— is  carried  by  the  roll  vj  which  is  driven  by  a  small  water  wheel, 
into  the  lower  horizontal  portion  of  the  muffle,  where  it  is  spread  out 
and  further  roasted.  At  the  far  end  of  the  horizontal  portion  of  the 
muffle  there  is  an  opening  x,  through  which  the  blende  is  dropped 
into  the  w^orking  chamber  z  of  the  reverberatory  furnace,  where  it  is 
roasted  dead.  The  products  of  combustion  of  the 
reverberatory  furnace  first  heat  the  floor  and  then 
the  arch  of  the  horizontal  portion  of  the  muffle, 
and  then  rise  up  underneath  the  inclined  portion 
of  the  latter  into  the  flue/.  The  sulphurous  gases 
evolved  in  the  horizontal  portion  of  the  muffle 
pass  into  the  inclined  portion,  where  they  unite 
with  the  gases  evolved  there,  and  together  escape 
from  the  upper  end  of  the  muffle  into  a  flue  which 
conducts  them  to  the  sulphuric  acid  chambers. 
At  the  end  of  the  muffle  the  blende  will  have  lost 
60  per  cent,  of  its  sulphur,  still  containing  from  8 
to  10  per  cent.,  whilst  the  gases  that  escape  from 
the  muffle  carry  at  least  6  per  cent,  by  volume  of 
sulphur  dioxide,  and  are  very  suitable  for  sulphuric  iig.  25. 

acid  manufacture.  The  blende  is  then  calcined 
down  to  1  per  cent,  of  sulphur  upon  the  hearth  of  the  reverberatory 
furnace,  which  forms  a  long-bedded  calciner  with  workinor  doors  along- 
one  of  its  longer  sides.  The  furnace  may  be  fired  either  by  a  grate  or 
by  gas.  In  the  figure  it  is  shown  as  fired  by  gas,  a  Boetius  pro- 
ducer, B,  being  employed.  The  air,  which  is  heated  in  the  walls  of 
the  latter,  enters  at  y;  the  fuel  is  charged  at  p.  The  temperature 
in  the  inclined  portion  of  the  muffle  is  as  high  as  the  melting  point 
of  antimony  (432"  C).  In  this  furnace  3  to  4  tons  of  zinc  blende  can 
be  calcined  down  to  1  per  cent,  of  sulphur  in  24  hours,  with  a 
consumption  of  coal  equal  to  28  to  50  per  cent,  of  the  weight  of  the 
raw  ore.  At  the  Recke  Works  such  a  furnace  was  formerly  in  use 
calcining  3i  tons  of  blende  down  to  1  per  cent,  of  sulphur  in  24 
hours,  with  a  consumption  of  2  tons  of  coal.^ 

^  Berg,  und  Hiitten.  Ztg.,  1877,  p.  71. 
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At  Oberhausen  ^  the  furnace  Lad  the  following  main  dimensions : 
Cross  section  of  the  gas  producer,  2  feet  by  6  feet ;  floor  of  the 
horizontal  portion  of  the  muffle,  6  feet  by  24  feet  7  inches  ;  of  the 
inclined  portion  of  the  muffle,  G  feet  by  32  feet  10  inches;  of  the 
reverberatory  furnace,  6  feet  by  18  feet  8  inches.  Of  the  sulphur 
contents  of  the  blende  50  per  cent,  was  utilised  by  means  of  the 
muffle.  At  the  commencement  of  calcination,  it  contained  2644 
per  cent,  of  sulphur ;  on  leaving  the  inclined  portion  of  the 
muffle,  where  there  was  a  low  red  heat,  8"20  per  cent.  ;  on  leaving 
the  horizontal  portion  of  the  muffle,  where  there  was  a  bright  red 
heat,  G'20  per  cent. ;  at  the  end  of  the  calcination  0'55  to  I'.SO  per 
cent.  In  24  hours,  3|  tons  of  ore  were  roasted,  with  a  consumption 
of  21  cwts.  of  coals.  Five  workmen  on  a  shift  worked  the  calciner. 
The  gases  escaping  from  the  muffles  into  the  sulphuric  acid  chambers 
carried  from  5  to  6  per  cent,  by  volume  of  sulphur  dioxide.  This 
furnace  has,  as  compared  with  reverberatory  furnaces,  the  draw- 
back of  heavier  first  cost  and  requires  a  heavier  outlay  for  wages, 
but  has,  on  the  other  hand,  the  advantage  of  utilising^  half  of 
the  sulphur  dioxide  evolved  during  calcination.  But  even  allowing 
for  the  latter  advantage,  the  costs  of  calcination  in  this  furnace  are 
heavier  than  the  co.sts  of  calcination  in  long-bedded  caiciners. 
As  compared  with  the  muffle  furnaces  on  the  other  hand,  it 
has  the  objection  that  only  a  portion  of  sulphur  dioxide  evolved 
can  be  utilised.  It  has  therefore  been  replaced  by  muffle 
furnaces. 

A  combined  reverberatory  and  muffle  furnace  with  horizontal 
muffles  which  gives  very  good  results,  is  used  at  the  Recke  Works  in 
Upper  Silesia.  It  consists  of  a  reverberatory  furnace,  over  which  there 
ai-e  two  horizontal  muffles  connected  together.  The  flame  passes  first 
over  the  hearth  of  the  reverberatory  furnace,  surrounds  first  the 
lower  and  then  the  upper  muffle.  The  products  of  combustion, 
together  with  the  sulphur  dioxide  evolved  from  the  reverberatory 
furnace,  pass  into  towers  in  wliich  they  are  freed  from  any  sulphur 
dioxide  and  trio.xide  that  they  contain,  and  then  into  the  stack.  The 
sulphurous  gases  evolved  in  the  lower  muffle  pass  into  the  upper 
muffle,  and  thence  together  with  the  gases  evolved  in  the  latter,  into 
the  sulphuric  acid  factory.  The  blende  is  charged  at  the  end  of  the 
upper  muffle,  passes,  after  it  has  traversed  this,  into  the  lower 
muffle,  and  finally  into  the  reverberatory  furnace.  In  this  furnace 
6  tons  of  blende  are  calcined  down  to  less  than  1  per  cent,  of 
sulphur  in  24  hours,  with  a  consumption  of  coal  equal  to  30  per 
'  Mahler,  Annales  des  Mines,  vol.  vii.,  book  iii.,  p.  ITri,  1885. 
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cent,  of  the  weight  of  the  raw  ore.  This  furnace,  which  is  a 
modification  of  the  Hasenclever  furnace,  gives  better  results  than 
the  original. 

Calcination  in  Muffle  Furnaces 

The  necessity  of  neutralising  the  sulphurous  gases  evolved  in 
calcining  blende,  and  the  difficulty  of  doing  this  when  blende  is 
calcined  in  reverberatory  furnaces,  have  promoted  the  introduction 
within  the  last  20  years  of  muffle  furnaces,  in  which  the  production 
of  gases  rich  in  sulphur  dioxide,  that  is,  containing  5  to  8  per  cent, 
by  volume  and  therefore  suitable  for  sulphuric  acid  manufacture,  can 
be  combined  with  a  complete  calcination  of  blende.  These  furnaces 
depend  upon  the  principles  that  the  calcination  must  be  conducted  by 
means  of  heating  the  muffles  externally  by  burning  fuel,  as  also 
internally  by  the  help  of  the  heat  developed  by  the  oxidation  of 
the  sulphide  of  zinc  ;  that  the  muffles  should  be  arranged  one  below 
the  other,  and  so  combined  that  the  blende  which  is  to  be  roasted 
passes  from  above  downwards,  whilst  the  gases  generated  inside  them, 
as  well  as  those  heating  them  from  outside,  move  in  the  opposite 
direction.  The  first  furnace  designed  on  these  principles,  which 
admitted  of  the  utilisation  of  the  whole  of  the  sulphur  dioxide 
evolved  in  the  calcination  of  blende  for  sulphuric  acid  manufacture, 
was  designed  by  M.  Liebig.  He  was  followed  by  Grillo,  Hasenclever, 
and  a  number  of  other  inventors  with  furnaces  depending  upon  the 
same  principles,  but  of  widely  different  design.  These  modern 
muffle  furnaces  have  given  such  far  better  results  than  the  older 
forms  previously  used,  that  they  have  i-eplaced  reverberatory 
furnaces  as  well  as  the  combined  reverberatory  and  muffle  furnaces, 
wherever  it  is  at  all  possible  to  find  a  market  for  sulphuric  acid  or  to 
utilise  sulphur  dioxide  in  any  other  way.  The  furnaces  that  are  at 
present  in  actual  operation  are  built  with  fixed  muffles.  The  ores 
are  rabbled  by  means  of  hand  power  or  mechanically.  Muffles  in  the 
form  of  rotating  cylinders  have  been  projDOsed  and  patented,  but 
have  not  yet  come  into  regular  use. 

We  must  therefore  distinguish  : — 

Calcination  in  Fixed  Muffle  Furnaces  with  hand  rabbling. 

Calcination  in  Fixed  Muffle  Furnaces  with  machine  rabbling. 

Calcination  in  Rotating  Muffle  Furnaces, 

Calcination  in  Fixed  Mufle  Furnaces  with  Hand  Babbling 

The  most  important  furnaces  of  this  class  are  those  of  Liebig  and 
Eichhorn,  and  that  of  Hasenclever.  A  third  furnace  of  the  same 
type  is  that  of  Grillo. 
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The  Liebig  and  Eichliorn  furnace  depends  upon  the  principle 
of  conveying  the  blende  through  a  number  of  chambers  lying 
one  below  the  other,  and  of  allowing  the  air  required  for  oxidation 
to  enter   the   chamber   in   a   heated   condition.     The   three  upper 
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Fig.   2G. 


Fig.  27. 


chambers  are  heated  by  heat  evolved  by  the  oxidation  of  the 
sulphide  of  zinc  similarly  to  the  shelves  of  the  Maletra  furnace, 
whilst  the  loAver  chambers  are  heated  externally  by  gas  firing.  The 
construction  of  the  furnace,  as  patented/  is  shown  in  Figs.  20  and 
1  D.  R.  Patent,  No.  21,032. 
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27.     It   consists  of  a   shaft  provided  with  muffles  a^,  a^,  a\  a*,  «^,  V , 
h",  />"',  which   are  accessible   by  the  working  doors  c  disposed  alter- 
nately along  the  two   shorter  sides.     The  heating  of  the  chambers 
rt^,  «-,  «■"  and  a^  is  performed  by  means  of  the  producer  gas  generated 
in  the   producer   G,  this  being  burnt   in  a  stream  of  air  heated  by 
traversing  flues  in  the  walls  of  the  producer.     The  flame  traverses 
first  the  flues  n,n,  rises,  passes  through  the  flues  n' ,n',  traverses  these 
flues,  again  ascends,  and  finally  traverses  the  flues  n",  n",  from  which 
it  escapes  into  the  flue  o  leading  to  the  stack.     The  air  required  for 
the  oxidation  of  the  sulphide  of  zinc  enters  by  the  opening  d,  passes 
into  the  flue  c,  and  from  the  latter  into  the  muffle  a\  being  warmed 
on  its  passage  through  the  walls  of  the  flues  n,  n,  and  then  traverses 
each  separate  muffle  one  after  the  other,  oxidising  the  sulphide  of 
zinc  inside  them.     The  zinc  blende    is   delivered    by   means   of  a 
charging  hopper  /  into  the  topmost   muffle  h"' ,  and  is  transferred 
from  the  latter  after  some  time  into  the  muffle  lying  immediately 
beneath  it.  From  this  it  is  removed  at  definite  intervals  into  the  next 
lower  lying  muffle,  and  so  it  advances  until  it  is  drawn  out  from  the 
bottommost  muffle   into  the  chamber  ^  in  a  calcined  condition.     In 
the  three  topmost  muffles  the  temperature  is  maintained  entirely  by 
the   heat  generated  by  the  oxidation  of  the  sulphide  of  zinc ;  in  the 
lower  chambers  but  little  heat  is  derived  from  the  blende,  and  they 
are  therefore  heated  by  means  of  producer  gas  from  the  outside.     As 
this  method  of  firing  heats  the  lowest  muffle  to  the  highest  tempera- 
ture,  the  ore    in    its    descent    is    exposed    to    gradually    increasing 
temperatures,  and  finally  reaches  the  end  of  the  lowest  muffle  con- 
taining only   0"1   per  cent,  of  sulphur.     The  sulphur  gases  traverse 
each  muffle  from  below  upwards  and  finally  escape  from  the  topmost 
muffle   containing  6   to   8  per  cent,  by  volume  of  sulphur  dioxide. 
The   ore  remains  in  the  muffle   from  6  to  8  hours,  and  requires  48 
hours  to  traverse   the  furnace.     In  experiments  made  to  determine 
the  degree  of  desulphurisation  of  the  ore  in  the  various  muffles,  it 
was  found  that  it  contained   27'8  per  cent,  of  sulphur  on  charging 
into  the  topmost  muffle;  after  being  there  6  hours,  24'9  per  cent.  ; 
in  the  four  following  muffles,   17'3,  13-2,  2-3  and  0*2  respectively, 
and  when  drawn  from  the  bottom  muffle  onl}'  O'l  per  cent.     Accord- 
ing to  Eichhorn  ^  such  furnaces  yield  in  24  hours   from  4'2  to  4"5 
tons  of  blende   calcined  down   to   O'l    per  cent,   of  sulphur,  with   n 
consumi3tion  of  0"8   ton   of  coal,  2  men  being  required  on  a  12-hour 
shift.     Such  furnaces  are  in  use  at  Letmathe  and  at  Hamborn,  near 
Oberhausen.     In  Hamborn  a  block  consists  of  4  furnaces,  and  yields 

1  Fischer's  Jahresber.,  1889,  p.  322. 
VOL.    II.  F 
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in  24  hours  o  tons  of  calcined  ore,  with  a  consumption  of  20  to  25 
per  cent,  of  coal,  2  men  on  a  12-hour  shift  working  the  furnace. 
The  most  recent  furnaces  of  this  type  are  those  with  3  or  4  locg- 
bedded  muffles  of  which  the  lowermost  is  heated  from  below.  In 
some  furnaces  there  is  also  a  flue  between  the  bottommost  muffle 
and  the  next  higher  one,  so  that  the  lowest  muffle  is  heated  from 
above  and  below,  the  next  from  below  only. 

Grille's  furnace  is   shown   in  Fios.  28  to  30.     It  consists  of  the 
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Figs.  2S— 30. 


muffles  J/i  to  M-\  and  the  flues  Z^  to  Z'.  The  ore  is  delivered  by 
means  of  the  hopper  A,  provided  with  a  charging  roller,  into  the 
topmost  muffle  which  it  is  made  to  traverse,  and  at  its  end  drops 
through  the  inclined  slots  S,'mto  the  next  lower  muffle.  After  passing 
through  this,  it  is  dropped  into  the  muffle  below  and  so  gradually 
reaches  the  bottommost  muffle,  at  the  end  of  which  it  is  drawn  out 
through  a  working  door.  The  products  of  calcination  escape  through 
the  slots  S  out  of  the  lower  into  the  next  higher  muffle,  and  after 
they  have  travelled  through  all  the  muffles  from  below  upwards, 
escape  into  the  chamber  j:,  from  which  they  pass  through  the  vertical 
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flue  C  into  the  dust  chamber  i\  and  thence  throuorh  the  flue  K 
into  the  sulphuric  acid  chambers.  The  furnace  is  fired  by  gas,  but 
can  also  be  fired  by  a  grate.  The  gases  generated  in  the  producer  P 
mix  at  T  with  air  which  has  been  warmed  by  traversing  the  furnace 
walls.  The  flame  surrounding  the  mufifl.es  on  three  sides  passes 
upwards  through  the  flues  Z^  icy  Z"',  escaping  from  the  topmost  one 
into  the  stack  ;  id,  w  are  tlie  working  doors.  Each  individual  muflle 
is  2!)  feet  C  inches  long.  By  drawing  out  the  slide  y  and  closing  the 
flue  Z^,  by  means  of  the  damper  q,  the  muffle  furnace  can  be  con- 
verted into  a  reverberatory  furnace.  This  furnace  has  been  found 
to  be  less  efficient  than  that  of  Liebig,  and  has  therefore  been 
replaced  at  the  Hamborn  Works,  where  it  was  in  use,  by  the  Liebig 
furnace. 

The  Hasenclever  furnace  consists  of  several  (three  or  four)  muflfles 
lying  one  above  the  other  and  united  by  means  of  vertical  flues, 
and  heated  by  the  flames  from  a  firegrate.  The  blende  to  be 
roasted  is  admitted  by  means  of  a  charging  hopper  into  the  topmost 
muflfle,  and  is  pushed  forward  from  time  to  time,  as  is  done  in  long- 
bedded  calciners ;  through  a  vertical  flue  at  the  end  of  this  muffle  it 
drops  into  the  second  muffle  placed  below  the  former,  in  which  it  is 
pushed  forward  in  the  same  way,  drops  thence  into  the  third  muffle, 
and  so  on.  At  the  end  of  the  bottommost  muffle  the  calcined  ore  is 
drawn  out  from  a  working  door.  The  flame  follows  the  opposite 
direction  to  the  calcined  ore,  passing  upwards,  and  on  its  way  heats 
the  floors  and  arches  of  the  various  muffles.  The  products  of  calcin- 
ation either  pass  from  below  upwards  through  all  the  muffles,  or  else 
escape  from  the  rear  of  each  muffle  by  vertical  flues,  from  which  the 
gas  escapes  to  a  main  flue  leading  to  the  sulphuric  acid  works. 
With  ores  rich  in  sulphur,  two  or  three  muffles  have  also  frequently 
been  placed  one  above  the  other,  and  the  flame  has  been  allowed  to 
heat  the  floor  of  the  lower  and  the  roof  of  the  upper  muffle  ;  in  order 
to  economise  heat,  these  furnaces  are  always  built  in  pairs  back  to 
back.  The  construction  of  the  Hasenclever  furnace  is  shown  in 
Figs.  81  to  34,  which  represent  a  pair  of  such  furnaces.  H,  R  are  the 
grates,  M,  M  are  the  individual  muffles,  F,  Pare  the  flues  by  which 
the  flame  passes  from  below  upwards,  and  from  the  topmost  of  which 
it  then  escapes  from  the  flue  K  into  the  stack.  T,  T  are  the  charging 
hoppers  from  which  the  blende  to  be  roasted  is  conveyed  to  the 
topmost  muffle  and  then  traverses  one  muffle  after  the  other;  %v,  w 
are  working  doors  through  which  the  blende  is  rabbled  and  pushed 
forward.  In  this  particular  case  the  products  of  calcination  are 
drawn  off  separately  from  each  muffle.     They  escape  through  openings 
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a  in  the  rear  wall  of  the  furnace  into  vertical  flues  I,  and  thence 
through  the  main  flue  ^Sf  to  the  sulphuric  acid  works.  As  above 
noted,  this  method  of  collecting  the  products  of  calcination  has  been 
discontinued,  and  they  are  now  made  to  traverse  the  whole  of  the 
muffles,  and  escape  from  the  uppermost  one  to  the  main  flue.     Such 
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a  furnace  calcines  in  24  hours  about  4  tons  of  blende  down  to  0"6  to 
1"06  per  cent,  of  sulphur,  consuming  a  quaiitity  of  good  coal  equal  to 
20  to  25  per  cent,  of  the  weight  of  the  raw  ore.  Two  men  on  a 
shift  are  sufficient  to  work  the  furnace.  Recently  this  furnace  has 
been  improved  by  cutting  each  muffle  into  two  by  means  of  vertical 
walls  across  the  centre,  and  so  uniting  the  halves  lying  below  each 
other  by  vertical  flues  that  the  blende  has  only  to  traverse  these 
halves  of  the  muffles  that  lie  one  above  the  other,  in  a  downward 
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direction,  the  calcination  being  in  nowise  injured  thereby,  although 
the  blende  only  has  to  travel  half  as  far  as  it  had  to  in  the  older  form. 
At  the  same  time,  with  ores  rich  in  sulphur,  the  two  lowermost 
muffles  alone  are  heated  externally,  the  upper  ones  receiving  only 
the  heat  generated  by  the  oxidation  of  the  sulphides.  By  these 
means  the  output  of  the  furnace  has  been  increased  by  30  per  cent., 
and  the  labour  required  has  been  diminished  by  25  to  80  per  cent. 
The  flame  takes  the  same  course  as  previously.  Furnaces  of  this 
construction  are  at  work,  for  example,  at  the  Guido  Works,  near 
Chropaczow,  at  the  Silesia  Works  near  Lipine,  at  the  Recke  Works 
near  Rosdzin,  at  the  Munsterbusch  Works,  and  at  the  Rhenania 
Works,  both  near  Stolberg. 


Fig.  35.  Fig.  36. 

The  most  recent  furnaces  have  muffles  40  feet  9  inches  long  and, 
5  feet  broad.  Each  muffle  is  divided  by  a  partition  into  two  divi- 
sions, each  of  which  is  20  feet  4  inches  long.  The  arch  of  the  muffle 
is  9  inches  high  at  the  centre,  and  5  inches  at  the  sides.  Each 
muffle  has  ten  working  doors,  that  is  to  say  five  for  each  half,  which 
can  be  closed  by  cast-iron  slides.  The  air  employed  for  oxidation  is 
heated  in  flues  which  lie  beneath  the  lowest  draught-flue.  The  con- 
struction of  the  furnace  at  the  Guido  Works  ^  is  shown  in  Figs.  35 
and  36,  in  which  /  is  a  step-grate,  the  flame  from  which  heats  the  two 
muffle  divisions  e,  and  the  floor  of  the  muffle  divisions  d,  traversing 
the  flues  a  and  h  into  the  flue  i  leading  to  the  stack.  The  ores  are 
dried  upon  the  roof  of  the  furnace,  and  are  then  charged  through  the 
openings  a,  a  into  the  topmost  muffle  divisions  h,  h.  Thence  they  pass 
into  the  divisions  corres2)onding  to  each  half  of  the  furnace,  c,  d  and  c, 
and  after  the  calcination  is  complete  are  drawn  out  from  the  divi- 
sions e.  The  gases  produced  in  calcination  traverse  the  various  muffles, 
and  escape  through  the  openings  k  from  the  topmost  muffle  into  a 
1  Bery.  und  Huttcn.  Zt(j.,  1891,  p.  4.50. 
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main  flue.  There  are  two  men  on  the  shift,  or  four  in  24  hours, 
during  which  time  5  tons  of  zinc  blende  are  roasted  with  a  consump- 
tion of  coal  equal  to  20  per  cent,  of  the  weight  of  the  raw  ore. 

At  the  Silesia  Works,  near  Lipine,  in  the  year  1895,  a  furnace  of 
similar  construction  was  calcining  5  tons  of  blende  down  to  1  per 
cent,  of  sulphur  in  24  hours,  with  a  consumption  equal  to  25  per 
cent,  of  inferior  coal.  The  number  of  workmen  in  24  hours  was  four, 
for  calcining  and  firing,  and  ^  for  charging  the  blende  and  delivering 
coal.  The  gases  evolved  during  calcination  contained  5  per  cent,  by 
volume  of  sulphur  dioxide. 

At  the  Recke  "Works,  near  Rosdzin  in  Upper  Silesia,  in  1895,  a 
furnace  with  3  muffles,  of  Avhich  the  lowest  is  heated  by  the  flames 
from  below,  and  the  uppermost  from  above,  calcines  3'5  tons  of  zinc 
blende  in  24  hours  down  to  1-5  per  cent,  of  sulphur,  1'2  tons  of  coal 
being  used.  There  are  2  men  on  a  12-hour  shift.  The  gases  evolved 
contain  6  per  cent,  by  volume  of  sulphur  dioxide. 

At  the  Stolberg  Works  ores  containing  27  to  28  per  cent,  of 
sulphur  are  roasted  down  to  O'o  to  1  per  cent.,  when  they  are  free 
from  lime  or  magnesia ;  otherwise  they  retain  2  to  3  per  cent,  of 
sulphur.  In  24  hours  8  tons  of  ore  are  calcined  in  a  block  consisting 
of  a  pair  of  furnaces,  with  a  consumption  of  coal  equal  to  20  jier  cent,  of 
the  calcined  ore.  A  crew  of  4  men  works  the  furnace  block  on  each 
shift.  The  desulphurisation  of  blende  and  the  formation  of  sulphate 
of  zinc  during  calcination  in  the  Hasenclever  furnace  of  most  recent 
construction  is  shown  in  the  following  table  of  analyses,  which  were 
executed  at  the  Rhenania  Works.  A  is  uncalcined  ore,  Z  is  calcined 
ore,  2  to  14  are  the  various  samples  taken  during  the  process  of 
calcination : — 
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The  Hasenclever  furnace  has  fairly  established  itself  in  the  Rhine 
provinces  and  Silesia,  and  has  there  replaced  the  older  Hasenclever- 
Helbig  furnaces  completely,  and  reverberatory  furnaces  in  great  part. 

Calcination  in  Fixed  Mnffle  Furnaces  with  Machine  Rahhling 

Such  furnaces  are  employed  with  advantage  in  districts  where  the 
rate  of  wages  is  very  high.  They  consist  of  muffle  furnaces  with 
some  mechanical  rabbling  appliance  which  receives  either  a  rotating 
or  a  reciprocating  motion. 

The  Haas  ^  furnace  is  a  furnace  with  rotating  rabbles.  It  is 
distinguished  from  the  McDougall  furnace  described  in  Volume  I., 
p.  66,  by  the  chief  difference  that  the  separate  circular  muffles  are 
not  sejDarated  from  each  other  by  solid  arches,  but  by  hollow  flues, 
through  which  the  products  of  combustion  can  circulate.  By 
means  of  the  revolving  rabbles  the  ore  is  succes.sively  drawn 
through  four  chambers,  lying  one  beneath  the  other,  and  then 
reaches,  if  necessary,  the  floor  of  a  rectangular  muffle,  which  is  the 
first  to  be  heated  by  the  flames,  and  in  which  the  last  portions  of 
sulphur  are  removed  from  the  blende.  The  construction  of  this 
furnace  -  is  shown  in  Figs.  37  to  39,  in  which  a,  a  are  the  four  muffles, 
through  the  midst  of  which  the  shaft  x,  provided  with  rabble  arms, 
passes.  Each  pair  of  muffles  lying  one  above  the  other  is  connected 
by  means  of  the  flues  h  for  the  products  of  combustion,  and  the 
vertical  shafts  n  for  the  passage  of  the  ore  ;  c  are  flues  communicating 
with  the  stack,  and  which  consist  of  chambers  between  the  individual 
muffles  and  of  vertical  flues  which  connect  these  chambers.  The 
gases  are  generated  in  a  producer,  and  pass  through  the  flue  d  into 
the  heating  flues ;  they  pass  in  the  direction  indicated  by  the  arrows, 
and  after  they  have  heated  the  topmost  muffle,  escape  through  a 
descending  vertical  flue  into  the  horizontal  flue  e,  which  leads  them 
into  a  regenerator  for  heating  the  air  used  for  oxidation.  The  latter 
enters  the  bottom  muffle  at/,  and  traverses,  together  with  the  gases 
evolved,  the  whole  of  the  muffles.  These  gases  escape  from  the 
toiDmost  muffle  through  the  flue  p  to  the  works  where  they  are  to  be 
utilised.  The  blende  is  charged  into  the  topmost  muffle  through  the 
shaft  m,  rabbled  by  the  tines  of  the  rabble  arms,  and  gradually  moved 
forwards  towai-ds  the  lower  muffles.  The  shaft  x  can  be  turned  to 
the  left  as  well  as  to  the  right,  and  has  two  cast-iron  arms  in  each 

1  D.  R.  Patent,  No.  23,081. 

■  Berg,  unci  Hiitten.  Ztg.,  1884,  Plate  I.,  Figures  12-34. 
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muffle,  Tlie  individual  tines  h,  fastened  to  one  arm,  are  movable, 
whereas  those  carried  by  the  other  arm  are  fixed  and  are  set  obliquely. 
By  means  of  the  lever  k,  the  tines,  h,  can  be  so  placed  that  the  pul- 
verulent blende  may  be  pushed  either  towards  the  centre  or  towards 
the  circumference.  "When  the  ore  from  the  upper  muffle  is  to  be 
transferred  to  the  one  next  below  it,  the  tines  h  are  so  placed  that  they 
push  the  ore  towards  the  circumference.     It  then  drops  through  the 
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slot  n,  which  can  be  closed  by  a  slide  when  desired,  into  the  muffle 
below,  and  thence  subsequently  in  the  same  way  into  the  next  lower 
muffle,  and  finally  into  the  last  muffle.  From  the  last  muffle  it  is 
discharged  similarly  through  the  slot  o.  The  discharged  ore  either 
drops  into  a  vault  or  into  a  long  rectangular  muffle  not  shown  in  the 
figure,  in  which  it  is  roasted  dead.  The  products  of  calcination  escape 
from  this  rectangular  muffle  into  the  botton\  round  muffle,  and  pass 
in  the  same  direction  as  the  gases  developed  in  the  latter.  Tlie  flame 
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first  heats  the  rectangular  muffle  by  means  of  various  flues,  and  then 
passes  into  the  flue  c  for  the  round  muffles.  The  gases  produced  in 
this  furnace  contain  from  G  to  7  joer  cent,  by  volume  of  sulphur 
dioxide.  Such  furnaces  are  in  operation  at  Oberhausen  for  the  calci- 
nation of  blende  containing  on  the  average  25  per  cent,  of  zinc.^  The 
.size  of  the  grains  should  not  be  less  than  0'08  inch.  The  hearths  are 
<S  feet  2  inches  in  diameter,  and  the  thickness  of  each  floor  amounts 
to  4  inches.  From  the  bottom  circular  muffle  the  ore  passes  on  to  two 
hearths,  lying  one  above  the  other,  each  19  feet  8  inches  in  length, 
with  -i  working  doors  in  each,  upon  which  it  is  roasted  dead  by  means 
of  hand  labour.  The  gases  from  the  muffles  are  employed  for  the 
manufacture  of  sulphuric  acid.  One  workman  is  required  for  each 
furnace,  the  output  of  which  is  equal  to  S'-i  tons  of  blende  per  2-1  hours. 
The  consumption  of  coal  for  cal- 
cination amounts  to  17  per  cent, 
of  the  weight  of  the  calcined  ore, 
and  for  the  production  of  power  to 
5  per  cent.  Tlie  calcined  ore  con- 
tains on  the  average  1  per  cent,  of 
sulphur. 

At  the  works  of  Hegeler  and 
Matthiesen,  at  La  Salle,  in  Illi- 
nois, U.S.A.,  multiple  muffle 
calcining  furnaces  with  mechani- 
cal rabbles  are  in  use.  Such  a 
furnace  has  7  muffles  one  above  fig.  4o. 

the  other,  each  of  which  is  4G  feet 

long  and  4  feet  6  inches  broad.  The  three  lowermost  muffles  are 
heated  by  means  of  producer  gas,  the  flame  passing  first  below  and 
then  above  them.  Two  furnaces  are  united  to  form  one  block.  There 
is  one  rabble  common  to  the  two  muffles  which  lie  side  by  side.  It 
is  moved  at  intervals  of  an  hour  by  means  of  a  rod  moved  by  friction 
wheels  backwards  and  forwards  through  the  blende  spread  out  in  the 
muffles.  Such  a  double  furnace  calcines  in  24  hours  23  tons  of  zinc 
blende,  with  a  consumption  of  4'8  tons  of  refuse  coals.-  In  Fig.  40,  a 
are  the  muffles,  and  h  the  flues  ;  c  are  flues  through  which  air  is 
conveyed  to  the  muffles,  and  d  the  flues  for  introducing  air  into  the 
fire-box. 

The  Rhenania  Chemical  Works  at  Stolberg  has  patented  a  Hasen- 
clever  furnace   with   mechanical  rabbles.^     This  furnace    consists  of 

^  Rev.  Universe  des  Mines,  1894,  p.  38.         "  The  Mininrj  Industry,  1894,  p.  i21.3. 
3  D.  R.  Patent,  No.  61,043. 
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four  nmffles  lying  one  immediately  above  the  other,  through  which  an 
endless  chain  provided  with  rabbles  and  scrapers  at  fixed  distances 
apart,  is  kept  moving.  The  rabbles  stir  the  ore,  whilst  the  scrapers 
move  it  forwards.  The  ore  is  charged  into  the  topmost  muffle,  and 
then  gradually  transferred  to  the  lower  ones,  until  it  is  discharged 
from  the  bottom  mviffle  in  the  calcined  state.  In  order  not  to  expose 
the  endless  chain  to  the  flames  there  are  no  flues  between  the  separate 
muffles.  The  flames,  thei-efore,  are  carried  round  the  muffles  in  one 
single  flue.  The  description  of  the  furnace  as  given  in  the  Patent, 
1892,  page  321,  resembles  that  of  the  O'Harra  furnace,  as  described  in 
Vol.  I.,  page  72.  Nothing  is  yet  known  respecting  the  practical  use  of 
this  furnace. 

Calcination  in  Furnaces  with  Movable  Working  Chamhers 

Such  furnaces  are  formed  by  rotating  cylinders  in  which  the 
flame  is  kept  separate  from  the  ore.  Such  a  furnace  has  been 
proposed  by  Koehler  in  Lipine.^  It  consists  of  a  rotating  cylinder  of 
cast-  or  wrought-iron,  lined  Avith  firebrick,  and  fired  with  gas.  In  that 
portion  of  the  lining  which  is  nearest  the  interior  of  the  furnace  there 
are  flues  parallel  to  the  axis  of  the  cylinder  traversed  by  the  burning 
gases.  In  that  portion  of  the  lining  nearest  the  outside  of  the 
furnace  there  are  air  flues  running  parallel  to  the  heating  flues.  In 
the  former,  the  air  required  for  oxidation,  which  moves  in  the 
opposite  direction  to  the  products  o  combustion,  is  first  heated 
and  enters  at  one  end  of  the  cylinder  through  a  tube  lying  in 
the  axis  of  the  furnace.  The  products  of  calcination  escape  at 
the  opposite  end  of  the  furnace  by  means  of  another  tube  also 
lying  axially.  The  zinc  blende  is  automatically  charged  into  the 
furnace  by  means  of  an  apparatus  attached  to  a  hopper,  and  is  auto- 
matically discharged  at  the  opposite  hottest  end.  The  furnace  is 
thus  continuous  acting.  In  the  interior  of  the  furnace  there  are 
walls  provided  with  apertures  which  separate  the  furnace  to  some 
extent  into  different  chambers,  the  object  of  which  is  to  prevent  the 
products  of  calcination,  concentrated  in  the  last  chambers,  from 
striking  back.  This  furnace  has  been  tried  on  an  experimental  scale 
at  Lipine,  and  is  said  to  have  given  very  satisfactory  results.  Up  to 
the  present,  however,  it  has  not  been  definitely  introduced,  on  the 
ground  of  the  not  inconsiderable  first  cost  thereof  A  rotating  cylinder 
with  the  flues  in  the  centre  of  the  furnace — the  Douglas  furnace — 
has  also  been  proposed  for  the  calcination  of  sulphides.  It  is  described 
and  figured  in  Vol.  I.,  page  85. 

^  D.  R.  Patent,  57,522,  May  7,  189U. 
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Utilisation  of  the  Products  of  Calcination 

The  products  of  muffle  calcination  have  up  to  the  present,  with 
but  few  exceptions,  been  used  exckisively  for  the  production  of  English 
suljihuric  acid,  the  method  of  manufacture  of  Avhich  may  be  taken  as 
known.  They  may  also,  however,  be  used  for  the  preparation  of 
sulphuric  anhydride,  of  fluid  sulphur  dioxide,  of  sodic  sulphate,  of 
sulphuretted  hydrogen,  of  sodium  hyposulphite,  of  sulphur,  and  for  the 
solution  of  copper.  The  preparation  of  these  bodies,  with  the 
exception  of  the  sulphur,  can  only  be  carried  out  with  advantage 
under  certain  local  conditions,  on  account  of  the  small  demand. 

Sulphuric  anhydride  is  manufactured  at  the  Mulden  Works  near 
Freiberg,  and  at  the  Rhenania  Chemical  Works  near  Stolberg,  from 
the  products  of  calcination  of  pyritic  lead  and  silver  ores,  or  from 
pyrites  which  are  burned  in  kilns  and  Hasenclever  furnaces,  or  in 
pyrites  burners.  The  products  of  calcination  of  zinc  blende  in  muffle 
furnaces  could  be  equally  well  employed  for  this  purpose.  On 
account  of  the  limited  market  for  sulphuric  anhydride,  which  is 
employed  for  the  production  of  Nordhausen  sulphuric  acid,  which 
again  is  used  in  the  ozokerite  and  aniline  manufacture,  no  attempts 
have  been  made  in  this  direction  at  any  of  the  blende  calcining 
establishments.  In  the  manufacture  of  sulphuric  anhydride,  the 
products  of  calcination  are  first  led  into  lead  chambers  filled  with 
fragments  of  coke,  of  burnt  clay  or  of  quartz,  over  which  con- 
centrated sulphuric  acid  trickles,  and  then  pass  through  vessels 
heated  externally,  inside  which  platinised  asbestos  is  contained.  The 
object  of  the  first  portion  of  the  process  is  the  removal  of  water 
vapour,  whilst  by  the  means  of  the  catalytic  action  of  the  platinum, 
sulphur  dioxide  and  oxygen  are  united  to  form  sulphur  trioxide.  As 
the  gases  produced  in  calcination  are  greatly  diluted  by  means  of 
nitrogen  and  air,  only  half  of  the  sulphur  dioxide  at  the  outside  is 
converted  into  sulphuric  anhydride.  From  the  last-named  vessels 
the  gases  carrying  sulphuric  anhydride  are  led  into  towers  in  which 
concentrated  sulphuric  acid  is  trickling  down,  so  as  to  absorb  the 
anhydride,  which  is  distilled  off  from  the  solution  of  anhydride  in 
sulphuric  acid  thus  produced.  The  gases  escaping  from  the  absorption 
towers  still  contain  the  sulphur  dioxide  which  has  not  been  converted 
into  sulphuric  anhydride,  and  these  are  then  conducted  into  lead 
chambers  for  sulphuric  acid  manufacture. 

The    fluid  sulphur  dioxide  is  manufactured  from  the  products  of 
calcination  of  zinc  blende  in  muffles,  at  the  zinc  works  of  Hamborn 


76  METALLURGY 

near  Oberhausen,  and  the  Silesia  Works  near  Lipine.  Having  regard 
to  the  still  restricted  applications  of  fluid  sulphur  dioxide  (for  the 
manufacture  of  sulphite  cellulose,  for  the  production  of  cold,  for  the 
manufacture  of  sugar,  and  for  bleaching),  and  to  the  great  expenses 
entailed  by  the  plant  for  its  manufacture,  it  is  not  to  be  expected 
that  its  production  from  the  products  of  calcination  will  take  any 
extension  in  the  immediate  future.  At  the  Guido  Works,  near  Chro- 
paczow,  in  Upper  Silesia,  where  the  process  has  been  in  use  for 
some  considerable  time,  it  has  lately  been  stopped,  sulphuric  acid 
works  being  in  process  of  erection  there.  The  process  employed  was 
invented  by  Schroder  and  Hiinisch.  As  it  separates  gaseous  sulphur 
dioxide  from  the  gases  evolved  from  the  muffle  furnaces  in  a  condition 
of  great  concentration,  in  which  it  may  also  be  employed  fur  other 
purposes,  it  deserves  somewhat  fuller  consideration.  The  process^ 
consists  in  absorbing  sulphur  dioxide  out  of  the  gases  by  means 
of  water  trickling  through  a  coke  tower,  in  expelling  from  tliis 
water  the  sulphur  dioxide  in  a  concentrated  state  mixed  only  with 
a  small  amount  of  water  vapour  by  means  of  heat,  in  separating 
the  moisture  from  the  mixed  gases  by  means  of  concentrated  sul- 
phuric acid  or  calcium  chloride,  and  in  condensing  the  concentrated 
gaseous  sulphur  dioxide  thus  obtained  by  means  of  a  compressor. 
This  process  does  not  admit  of  the  preparation  of  concentrated 
sulphur  dioxide  from  the  gases  of  reverberatory  furnaces  with  advan- 
tage ;  it  can  only  be  produced  from  gases  which  contain  at  least 
4  per  cent,  by  volume  of  sulphur  dioxide,  such  as  are  evolved  from 
shaft  furnaces  and  muffle  furnaces.  As  regards  the  execution  of  the 
process,  the  absorption  of  the  sulphur  dioxide  is  performed  in  coke 
towers  through  which  water  trickles.  The  sulphur  dioxide  is  expelled 
from  the  water  in  three  forms  of  apparatus,  in  which  the  heat  of  the 
products  of  calcination  in  part,  and  in  part  the  latent  heat  of  water 
vapour  which  is  developed  when  the  sulpliur  dioxide  is  expelled  from 
the  water  containing  the  latter,  in  part  the  residual  heat  of  the  water 
freed  from  sulphur  dioxide,  are  all  utilised.  The  acid  water  is  first 
conveyed  into  a  system  of  low  lead  chambers  in  which  it  is  warmed 
by  means  of  the  water  from  which  the  acid  has  been  driven  off,  which 
surrounds  these  chambers.  Thence  it  passes  into  closed  leaden  tanks 
under  which  pass  the  hot  gases  as  they  escape  from  the  furnace 
before  they  pass  into  the  absorption  tower.  The  heat  which  they  give 
off  to  the  tanks  raises  the  fluid  contained  in  the  latter  to  the  boiling 
point.  The  sulphur  dioxide  escapes,  in  consequence,  from  the  boiling 
.solution  and  enters  the  dehydrating  aj)paratus.  The  boiling  fluid, 
J  1).  R.  Patents,  Nos.  2G,181,  t>7,r)Sl,  and  30,7:21. 
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not  however  quite  free  from  acid,  is  draAvn  off  from  the  leaden  tanks 
into  a  so-called  colonne,  in  which  the  last  portions  of  sulphur  dioxide 
are  removed  from  it  by  the  direct  action  of  steam,  the  steam  being 
separated  from  the  sulphur  dioxide  by  means  of  a  spray  of  coid  water. 
The  hot  water,  now  free  from  acid,  is  used  for  heating  the  acid  water 
as  it  first  escapes  from  the  absorption  towers,  by  allowing  it  to  escape 
from  the  colonne  through  a  system  of  lead  chambers  which  surround 
the  lead  chambers  containing  the  acid  water.  Water  vapour  is  best 
separated  from  the  sulphur  dioxide  which  has  been  driven  out  of  the 
water,  by  allowing  the  gaseous  mixture  to  ascend  through  a  tower 
filled  with  coke,  down  which  concentrated  acid  is  trickling,  which 
absorbs  all  the  water.  Tiie  sulphur  dioxide,  thus  completely  de- 
hydrated, is  compressed  into  the  fluid  state  by  means  of  a  pump 
made  of  bronze,  and  is  collected  in  iron  vessels  of  sufficient  strength. 


Figs.  41  and  42. 


The  pressure  that  has  to  be  employed  varies  according  to  the  season 
from  2  to  8|  atmospheres.  The  interrnhKed,  difficultly  compressible 
gases  are  allowed  to  escape  into  the  absorption  tower  by  means  of  a 
valve  placed  in  the  receiver.  The  fluid  sulphur  dioxide  is  shipped  in 
iron  vessels.  It  contains  99'8  per  cent,  of  pure  SO.,.  The  gases 
evolved  from  the  calcination  of  zinc  blende  at  Hamborn  and  Li  pine 
contain  about  6  per  cent,  by  volume  of  sulphur  dioxide;  in  the 
absorption  tower  this  is  removed  from  the  gases  down  to  0"0o  per 
cent,  by  volume.  The  water  which  flows  out  from  the  towers  con- 
tains 12  pounds  of  sulphur  dioxide  in  100  gallons. 

The  construction  of  the  plant  for  the   production  of  fluid  sulphur 
dioxide  from  the  products  of  calcination  is  shown  in  Fig.  41.^ 

The  gases  pass  from  the   calcination  furnace   through  the  flue  a 

into  the  absorption  tower  li.     On  their  road  to   the  latter  they  give 

1  Z(it-^chr.  f.   Awjeu-andte  Chemic,  1888,  p.  448;  Lunge,  Soda  Indmtric,  vol.  i.. 
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off  their  heat  to  the  leaden  tanks  e.     They  ascend  in  the  lead  tower 
filled  with  coke  and  are  freed  from  their  sulphur  dioxide  by  means 
of  water  coming  from  the  distributor  V.     The  gases  that  reach  the 
top  end  of  the  tower,  consisting  of  nitrogen,  oxygen,  and  very  minute 
quantities  of  sulphur  dioxide,  are  conveyed  by  the  descending  tube  c 
into  the  stack.     The  water  containing  sulphur  dioxide  in   solution 
escapes  from  the  pipe  cl  at  the  foot  of  the  tower  first  into  a  heating 
apparatus,  which  is  omitted   in  Fig.  41,  but  is  shown  separately  in 
Fig.   42.     It   consists   of  a   series   of   flat    leaden    chambers    each 
16  inches  deep,  disposed  one  above  the  other,  these  lead  chambers 
forming  two  systems.     In  the  one  system   the  fluid  solution  which  is 
to  be  warmed  ascends,  whilst  in  the  other  system  the  hot  water 
descends,  giving  off  its  heat  to  the  ascending  fluid.     For  this  purpose 
the  chambers  are  so  arranged  that  a  chamber  of  the  one  system 
alternates  regularly  with  one  of  the  other.     In  the  chambers  marked 
with  odd  numbers,  1,  8,  5,  7,  9, 11  and  13,  the  acid  solution  is  ascend- 
ing, whilst  in  the  chambers  with  even  numbers,  14, 12, 10,  8,  6,  4  and 
2,  the  hot  water  is  flowing  down.     The  adjacent  chambers  of  each 
system  are  so  united  with  each  other  that  the  combination  takes  up 
the  whole  side  of  the  chamber.     The  individual  chambers  are  stayed 
by  means  of  strips  of  lead  made  fast  inside  them,  these  lying  in  the 
direction  of  the  flow  of  the  solution.     The  acid  water  escaping  from 
the    absorption    tower    enters  at  d   into  chamber   No.    1,    rises    at 
d'  into  chamber  No.   2,  at  d!'  into  No.  3,  and  so  on,  till  it  escapes 
at  h'  from   the    last    chamber    13    in  a   heated    state,  entering  the 
leaden  tanks  c  at  d".      The    hot    water    passes    in    the    opposite 
direction.     It   enters   the  topmost   chamber    14,  through  the   tube 
q,  flows   through  it  and  passes  from   the  end  of  it  by  a  tube  not 
shown  in  the  figure  into   the  chamber  12;   from    this   into    No.   10, 
and  so  on  until  it   escapes  at  the  end  of  chamber  No.  2  through 
the  tube  x  after  having  given  off  the  greater  portion  of  its  heat.    The 
acid  solution  which  has  thus  been  warmed  passes  through  the  tube  d" 
into  the  leaden  tanks  e,  which  it  traverses  one  after  the  other.  It  is  here 
heated  to  boiling  point  by  means  of  the  hot  products  of  calcination  pass- 
ing underneath  the  tanks,  and  in  consequence  gives  off  sulphur  dioxide 
mixed  with  a  certain  amount  of  water  vapour.     This  gaseous  mixture 
flows  through  the  tube  /  into   the   water  cooled   worm  g,  in  which  a 
portion  of  the   water   vapour   is   condensed ;  thence   it   flows  back 
through  the  above-named  pipe  into  the  tanks  or  into  the  colonne, 
and  thence  through  the  tubes  h  into  the  drying  tubes  i,  in  which  the 
last  portion  of  the  water  vapour  is  retained  by  means  of  coke  soaked 
in  concentrated  sulphuric  acid.  From  the  drying  chamber  the  sulphur 
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dioxide  passes  through  the  tube  Z;  into  the  compressor.  In  order  to 
regulate  the  pressure  a  silk  bag  r  is  interposed  in  the  tube  k. 
According  to  the  size  of  this  bag  the  movement  of  the  pump  I  is 
regulated.  The  gas  is  forced  through  the  tube  s  into  the  worm  t  in 
which  it  is  liquefied.  The  liquid  sulphur  dioxide  flows  out  of  the 
worm  into  a  wrought  iron  tank  u.  The  gases,  oxygen  and  nitrogen, 
which  are  carried  with  the  fluid,  escape  when  the  valve  2  at  the  top  of 
the  tank  is  opened,  into  the  tube  in,  which  leads  them  to  the  absorp- 
tion tower.  The  fluid  sulphur  dioxide  is  drawn  off  from  the  tank 
into  wrought  iron  cylinders  v  holding  110  or  120  pounds,  or  else  into 
tank  wagons  holding  10  tons. 

The  boiling  solution  that  remains  behind  in  the  tank  e 
contains  a  small  quantity  of  SO5, ;  to  extract  the  latter  it  is 
run  through  the  tube  m  into  the  colonne  01,  where  it  is  raised  to 
boiling  by  means  of  vapour  entering  from  below  through  a  tube  0, 
whilst  water  is  sprayed  into  the  upper  end.  The  sulphur  dioxide 
and  the  steam  rise  in  the  tower,  are  in  part  condensed  by  the 
water  trickling  down  and  expelled  again  when  the  latter  reaches 
the  bottom.  Of  the  gas  escaping  from  the  upper  end  of  the  colonne, 
the  steam  is  condensed  by  the  water  spray  and  flows  down  with  the 
latter.  A  portion  of  the  sulphur  dioxide  is  here  absorbed  by  means 
of  this  water.  As  the  quantity  of  the  latter  only  suffices  for  the 
absorption  of  a  relatively  small  proportion  of  the  sulphur  dioxide,  the 
greater  portion  of  the  gas  escapes  from  the  tube  2^  into  the  worm  g, 
and  thei'e  unites  with  the  gas  evolved  from  the  tanks  e.  The  solution 
trickling  down  in  the  colonne  gradually  loses  its  sulphur  dioxide  as 
it  is  raised  to  the  boiling  point  by  the  steam,  and  thus  reaches  the 
bottom  of  the  colonne  free  from  sulphur  dioxide  ;  thence  it  escapes 
through  the  tube  q  into  the  above-described  lead  chambers  and  warms 
the  acid  water  coming  from  the  absorption  towers.  The  colonne, 
which  consists  of  a  tower,  the  lower  portion  of  which  is  filled  with 
circular  tiles  and  the  upper  portion  with  coke,  has  recently  received 
certain  improvements.^  It  is  shown  in  Fig.  43  (D.  R.  P.  36,721). 
The  hot  steam  enters  at  a  ;  a  water  spray  is  produced  by  the  rose  h ; 
through  the  tube  cl  sulphur  dioxide  escapes  ;  through  the  tube  e  the 
solution  escapes  after  it  has  been  freed  from  acid  and  has  been 
heated  to  the  boiling  point.  By  means  of  the  circular  tiles,  the 
solution  that  is  trickling  down  is  delayed,  and  thus  better  exposed  to 
the  action  of  the  ascending  steam.  The  cylinders  in  which  fluid 
sulphur  dioxide  is  sent  into  the  market  are  shown  in  Figs.  44  and  45. 
They  have  a  screw  valve  c  which  is  protected  by  the  cap  a  when  they 
1  D.  R.  Patents,  Nos.  ,36,721,52,02.5. 
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are  being  transported. 


If  sulphur  dioxide  is  to  be  employed  in  the 
gaseous  form  the  bottle  is  placed 
vertically  (Fig.  44).  The  spindle 
of  the  screw  valve  c  is  turned  by 
means  of  a  key  and  opens  the 
pipe  /; ;  through  the  latter  gaseous 
sulphurous  acid  then  escapes  and 
continues  to  escape  until  the  tem- 
perature in  consequence  of  the 
evaporation  of  the  solution  falls 
to  — 10^  C  A  further  quantity  of 
gas  can  then  only  escape  when 
the  cylinder  has  taken  up  from 
its  surroundings  the  requisite 
quantity  of  heat.  If  the  sulphur 
dioxide  is  to  be  utilised  in  the 
fluid  state  the  cylinder  is  laid 
down  so  that  the  small  tube  h  is 
uppermost.  By  means  of  the  pres- 
sure of  the  gas,  fluid  sulphur 
dioxide  is  then  forced  out  through 
this  tube.  The  whole  contents 
of  the  bottle  can  be  expelled  by 
means  of  the  bent  tube  n  Avhich 
reaches  to  the  bottom.  In  order 
to  avoid  explosions  the  cylinders 
are  tested  to  a  pressure  of  50 
atmospheres.  The  vapour  ten- 
sion of  sulphur  dioxide  amounts 
at  10°  C.  to  1'6  atmospheres ;  at 
20°  to  2  4;  at  30°  to  3-51,  and  at 
40°  to  5 "15  atmospheres.  These 
bottles  are  best  preserved  in  some 
locality  where  the  temperature 
does  not  exceed  40'. 

Sulphur  dioxide  evolved  from 
muffle  furnaces  is  also  suitable  for 
the  preparation  of  sodium  sul- 
phate from  common  salt,  accord- 
ing to  the  process  of  Hargreaves, 
which  has  been  practised  in  a 
number  of   Enfjlish   soda    works, 


ZINC 


81 


and  since  the  year  1890  at  the  Rhenania  Works.  It  consists  in 
leading  the  products  of  calcination  mixed  with  air  and  water  vapour 
into  a  cast-iron  cylinder  heated  externally,  inside  which  spherical 
pieces  of  salt  are  arranged  upon  an  iron  grating.  Sodium  sulphate 
is  thus  formed  with  the  evolution  of  hydrochloric  acid. 

These  sulphurous  gases  are  also  available  for  tlie  production  of 
sulphuretted  hydrogen  by  passing  them,  mixed  with  water  vapour, 
through  sli.ift  furnaces  fdled  with  glowing  coke,  which  is  kept  at  a 

red   heat  by  passing   air    from    time    to  time  over  it. 

Sulphuretted    hydrogen   forms  in  accordance  with  the 

equation  :  — 

SO,  +  H,0  +  3C-H,S  +  3CO. 

Sulphuretted  hydrogen  is,  however,  used  but  rarely, 
and  only  in  limited  quantities,  for  the  precipitation  of 
metals  such  as  copper  and  silver  from  their  solutions, 


Fig.  44. 


SO  that  there  is  no  probability  that  this  process  will  be  introduced 
into  blende  calcining  establishments. 

Sodium  hyposulphite  can  be  produced  from  these  gases,  by  passing 
them  through  a  solution  of  sodium  sulphate,  the  salt  being  formed  and 
sulphur  produced  simultaneously.  Its  employment  for  the  extraction 
of  silver  is,  however,  a  very  limited  one,  so  that  the  utilisation  of  the 
products  of  the  calcination  of  blende  for  tliis  purpose  does  not  seem 
practicable. 

Although  there  is  a  large  demand  for  sulphur,  its  production  from 
the  gases  evolved  from  muffle  furnaces  is  tolerably  expensive,  and 
has  not,  therefore,  been  conducted  on  a  large  scale.  It  can  be  pro- 
duced from  these  gases  directly  by  passing  them  into  solutions  of 
the  polysulphides  of  sodium  or  of  calcium,  and  by  allowing  the  gases 
to  act  upon  sulphuretted  hydrogen,  or  indirectly  by  first  separating 
out  the  sulphur  dioxide  and  reducing  the  latter  by  carbon  or  coal  gas. 
Polysulphides  of  the  alkaline  earths  will  only  be  used  for  the  manu- 
facture of  sulphur  when   they  can  be  obtained  free  of  cost  as  the 
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noxious  bye-products  of  other  processes,  such  as  the  decomposed 
residues  from  Le  Blanc  soda  works.  By  means  of  sulphuretted 
liydrogen,  sulphur  can  be  obtained  from  the  products  of  calcination 
by  allowing  both  gases  to  ascend  through  wooden  towers  in  which  a 
solution  of  calcium  chloride  is  trickling  down,  sulphur  being  formed 
in  accordance  with  the  equation : — 

2H,S  +  SO,  =  3S  +  2H,0. 

The  gases  are  introduced  at  the  bottom  of  the  tower,  whilst  the 
solution  of  calcium  chloride  which  causes  the  sulphur  to  separate  out,, 
enters  at  the  top  and  trickles  down  the  tower,  flowing  over  wooden 
plates  inclined  alternately  in  opposite  directions.  The  sulj^hur,  which 
is  thrown  down  upon  these  boards,  escapes  with  the  solution  of  calcium 
chloride  from  the  towers  into  a  series  of  vats  placed  one  below  the 
other,  in  which  it  is  deposited,  whilst  the  clear  solution  is  pumped  up 
to  the  top  of  the  tow^ers  to  be  used  over  again.  The  sulphur  is 
melted  according  to  Schaffner's  method  under  water  by  means  of 
steam  at  2h  atmospheres  pressure.  Sulphuretted  hydrogen  can  be 
produced  (unless  it  is  available  as  a  bye-product  of  certain  processes) 
as  described  above,  viz.,  by  leading  a  portion  of  the  products  of 
calcination,  together  Avith  water  vapour,  through  a  column  of  red-hot 
coke.  It  may  also  be  produced  according  to  Chance's  method,  by 
treating  residues  from  the  Le  Blanc  soda  Avorks  by  carbon  dioxide. 
This  process  can  only  be  recommended  when  sulphuretted  hydrogen 
is  available  without  any  great  expense. 

Sulphur  can  only  be  produced  by  the  reduction  of  sulphur 
dioxide  by  carbon  Avhen  the  gases  are  in  a  concentrated  form, 
such  as  are  employed  for  the  manufacture  of  the  fluid  sulphur 
dioxide  according  to  the  Schroder  and  Hiinisch  process.  It  cannot 
therefore  be  produced  direct  from  the  gases  from  muffle  furnaces, 
but  oidy  after  a  previous  concentration  of  the  latter  by  the  aid  of 
water.  In  the  earlier  experiments  for  the  production  of  sulphur 
from  the  diluted  gases  a  portion  of  the  carbon  was  burnt  to 
waste  in  consequence  of  the  air  contained  in  the  gases  ;  moreover, 
in  consequence  of  the  dilution  of  the  sulphur  dioxide  by  indifferent 
gases,  its  reduction  to  sulphur  was  only  very  imperfect.  The 
extraction  of  sulphur  from  the  sulphur  dioxide  concentrated  as 
above  described  has  been  patented  by  Schroder  and  Hjinisch,  The 
concentrated  .sulphur  dioxide  is  first  passed  through  a  muffle  filled 
with  red-hot  coke,  and  then  through  a  second  vertical  muffle  which 
contains  red-hot  indifferent  bodies  known  as  "  intact  bodies,"  such  as 
firebricks,  burnt  clay,  &c.    In  the  muffle  filled  with  coke  about  half  of 


ZINC 


83 


the  sulphur  dioxide  is  reduced  to  sulphur,  whilst  in  the  second  muffle 
the  sulphur  dioxide  which  still  remains  and  the  gases  formed  in  the 
first  muffle,  viz.,  carbon  monoxide,  carbon  bi-sulphide,  and  carbon  oxy- 
sulphide,  act  upon  each  other,  the  products  being  carbon  dioxide  and 
sulphur.  The  sulphur  vapours  and  carbon  dioxide  escape  from  tlie 
second  muffle  into  a  condensing  chamber  in  which  the  greater  portion 
of  the  sulphur  is  deposited  in  the  fluid  state,  and  a  small  portion  as 
flowers  of  sulphur.  In  some  experiments  tried  at  the  Grille  Zinc 
Works  99  per  cent,  by  volume  of  sulphur  dioxide  was  thus  reduced  to 
sulphur.  The  gases  escaping 
from  the  condensing  chamber 
contain  96  to  97  per  cent,  by 
volume  of  carbon  dioxide,  and 
2  to  3  per  cent,  of  carbon 
monoxide.  According  to  the 
patents  of  Schroder  and 
Hanisch,  the  reduction  of  sul- 
phur dioxide  can  also  be  per- 
formed by  means  of  carbon 
monoxide,  coal-gas,  or  any 
other  gas  rich  in  carbon.  As 
to  the  economic  results  ob- 
tained by  the  extraction  of 
sulphur  in  the  above  manner 
no  opinion  can  be  given  at 
the  present  time,  as  it  has 
not  been  carried  out  on  a 
large  scale.  The  concen- 
trated sulphur  dioxide  pro- 
duced by  means  of  water  has 
hitherto  been  used  exclusively  for  the  production  of  fluid  sulphur 
dioxide. 

The  utilisation  of  the  gases  from  muffle  furnaces  for  the  dissolving 
of  copper  is  only  possible  under  local  conditions,  and  even  then  on  a 
very  small  scale,  as,  for  example,  the  extraction  of  copper  from  poor 
oxidised  or  acid  cojjper  ores,  or  for  dissolving  copper  from  cement 
copper  containing  gold  or  silver.  In  the  first-named  case  the  gases 
produced  in  calcination,  together  with  water  vapour  and  nitrous 
gases,  are  allowed  to  act  upon  the  ores  lying  upon  a  grating  composed 
of  stone  or  wood.  In  the  second  case  Rossler's  arrangement  may  be 
used.  The  latter  is  shown  in  Fig.  46,  and  consists  of  a  vessel  of 
wrought  iron   A,  containing  a  solution  of  sulphate  of  copper.     By 
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means  of  a  Korting  injector  B,  the  gases  are  forced  in  fine  jets  through 
a  ring  into  the  sohition.  The  sulphur  dioxide  is  thereby  converted 
into  sulphuric  acid,  the  sulphate  of  copper  being  at  the  same  time 
reduced  to  cuprous  sulphate.  The  sulphuric  acid  thus  formed  dis- 
solves the  cement  copper  containing  gold  and  silver,  the  latter  metals 
being  left  behind.  Nitrogen  and  oxygen  escape  through  the  tube  Z, 
This  arrangement  is  employed  at  the  parting  works  in  Frankfort- 
on-the-Main,  where  the  gases  which  contain  the  sulphur  dioxide  are 
produced  by  the  solution  of  auriferous  silver  in  boiling  concentrated 
sulphuric  acid. 

2.  The  Process  of  Reduction,  or  the  Extraction  of  Zinc 
FROM  THE  Calcined  Ores 

The  reduction  of  zinc  from  the  calcined  ores  is  performed  by 
heating  the  latter  with  carbon  to  a  white  heat  in  fireclay  vessels. 
Zinc  is  then  separated  in  the  form  of  vapour  and  is  collected  in  clay 
vessels  known  as  receivers  or  adapters.  The  process  of  reduction  is 
therefore  a  process  of  "  compound  volatilisation  "  or  of  distillation. 
The  ores  which  are  to  be  subjected  to  this  process  contain  zinc  in  the 
form  of  oxide  or  silicate.  In  consequence  of  the  imperfect  calcina- 
tion of  zinc  blende,  small  quantities  of  zinc  may  be  present  as 
sulphide  or  sulphate.  In  the  presence  of  iron  any  sulphur  is  com- 
bined with  this  metal.  Of  foreign  bodies,  the  calcined  zinc  ores 
contain  oxides  and  silicates  of  iron  and  manganese,  sulphide  of 
iron,  lead  oxide,  sulphate  and  silicate,  silicates  of  alumina,  quartz, 
calcium  and  barium  sulphates,  antimoniates  and  arseniates,  lime, 
magnesia,  cadmium  oxide  and  silver.  Zinc  is  reduced  from  its 
oxide  both  by  carbon  and  carbon  monoxide.  By  its  reduction  by 
carbon,  carbon  monoxide  is  formed,  which  again  reduces  more 
zinc,  with  the  formation  of  carbon  dioxide.  In  what  proportion 
the  carbon  monoxide  contributes  to  the  reaction  is  not  known. 
In  any  case  the  carbon  dioxide  produced  is  immediately  reduced  to 
carbon  monoxide  by  the  excess  of  carbon  present,  so  that  it  has  no 
opportunity  of  re-oxidising  the  zinc  vapours.  It  is  only  when  carbon 
is  deficient  that  the  carbon  dioxide  could  re-oxidise  the  zinc  at  a  red 
heat.  The  fact  that  the  gas  escaping  from  the  reducing  apparatus 
after  the  commencement  of  distillation  really  only  contains  very 
small  quantities  of  carbon  dioxide  is  proved  by  the  following- 
analyses  '  :— 

1  iJinril.  Pohji.  Journ.,  237,  ^nO  (Fischer)  ;   lienj.  uiid  Hiitttn.  Zt,j.  1880,371. 
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Gases  from   RKroirrs,   Lktmatiik. 

1                     2                     -.i                      4  5 

Carbon  aioxide   .    .    0-48                 1  (MJ               O'll                  110  0-82 

Carbon  nionoxiile  .  not  det.          9216             97'12             not  del.  98-04 

Hydrogen    ....    5-32                 183          not  det.                ,,  0-72 

Nitrogen      .    .    .    .  not  det.            101               0'41                   ,,  trace 

The  gases  of  column  5  escaped  immediately  before  the  cud  of  the 
distillation.  Before  the  commencement  of  distillation  the  jjases 
contained  a  considerable  quantity  of  carbon  dioxide  and  hydrogen,  as 
also  a  certain  amount  of  methane,  as  is  shown  by  the  following 
analysis  ^  : — 

Carlson  dioxide 15  "58 

Carbon  monoxide 38 '52 

Methane 417 

Hydrogen         41  "70 

Nitrogen trace 

The  methane  and  a  portion  of  the  hydrogen  are  produced  by  the 
gases  evolved  from  the  lean  coal,  which  is  used  as  reducing  agent. 
Another  portion  of  the  hydrogen  is  derived  from  the  decomposition  of 
the  water  vapour,  contained  in  the  charge,  by  the  red-hot  coal.  This 
decomj30sition  also  produces  a  portion  of  the  carbon  dioxide  and 
monoxide.  Another  portion  of  the  oxides  of  carbon  is  produced  by 
the  action  of  the  air  still  present  in  the  vessel  upon  the  carbon.  The 
gases  which  escape  from  the  muffles  in  the  process  of  reduction 
at  the  Munsterbusch  Works,  near  Stolberg,  show  the  following 
composition  : — 

1  2 

Carbon  dioxide 0-09  O'll 

Carbon  monoxide 95'3(i  97 '42 

Hydrogen 3-72  1.20 

Nitrogen 0-61  0-92 

Zinc  can  only  be  reduced  from  its  silicate  by  solid  carbon  with 
the  formation  of  carbon  monoxide. 

The  zinc  vapours  escape,  together  with  the  gases  formed  during 
reduction,  from  the  vessels  into  an  adapter  in  which  they  are  con- 
densed, whilst  the  gases  escape  either  direct  into  the  air  or  into 
arrangements  in  which  metallic  particles  carried  off  by  them  may 
be  deposited.  Any  zinc  present  in  the  form  of  sulphide  is  not 
attacked  by  carbon,  and  therefore  remains  in  the  residues  of  the 
distillation.  Only  in  case  the  ores  contain  considerable  quantities  of 
iron  oxide  or  basic  silicate  of  iron  is  iron  reduced  from  these  substances 
by  the  carbon,  the  iron  reducing  any  sulphide  of  zinc  to  metallic  zinc. 
The  formation  of  sulphide  of  iron  is  not,  however,  desirable,  because 
it  destroys  the  vessels  used  for  distillation. 

1  Bing/.  Polyt.  Joiiru.,  237,  390  (Fischer)  ;  Ber;/.  iiml  Hiiffen.  Ztfj.  1880,  371. 
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Any  sulphate  of  zinc  present  in  the  ore  is  principally  reduced  to 
sulphide,  which  behaves  just  like  the  sulphide  of  zinc  which  has 
remained  undecomposed  on  the  calcination  of  the  blende. 

Ferric  oxide  is  reduced  to  ferrous  oxide  and  forms  slags  with  any 
silica  that  may  be  present  or  with  acid  silicates.  Ferrous  silicates 
combine  with  any  other  silicates  that  may  be  present  to  form  easily 
fusible  double  silicates.  They  also  have  the  property  of  dissolving 
the  silica  and  silicates  contained  in  the  material  of  which  the  vessels 
are  composed,  and  thus  contribute  to  the  perforation  and  rapid 
destruction  of  these  vessels.  They  also  envelop  portions  of  the 
charge  and  thus  cause  any  zinc  contained  in  these  portions  to  be 
retained  in  the  residues.  Basic  iron  slags  have  the  especial  property 
of  taking  up  oxide  of  zinc  and  thus  withdrawing  it  from  reduction. 
Lastly,  in  the  absence  of  silica,  metallic  iron  is  reduced  from  basic 
iron  slags,  as  also  from  oxide  of  iron.  Such  metallic  iron  decomposes 
any  other  sulphides  that  may  be  present  Avith  the  formation  of 
sulphide  of  iron. 

Oxide  of  manganese  is  reduced  by  carbon  to  manganous  oxide, 
which  forms  with  silica  a  very  fluid  slag.  The  latter  would  also 
envelop  jDortions  of  the  charge.  The  presence  of  manganous  oxide 
or  silicate  tends  to  the  destruction  of  the  vessels,  on  account  of  the 
formation  of  readily  fusible  double  silicates. 

SidpMde  of  iron  is  not  affected  by  the  processes  of  reduction.  It 
has  an  especial  injurious  action  in  that  it  perforates  the  walls  of  the 
vessels. 

Oxide  of  leoA  is  reduced  to  metallic  lead,  which  is  partly 
volatilised  and  goes  with  the  zinc  into  the  adapters,  and  partly 
remains  in  the  residues.  As  long  as  it  is  not  present  in  too  great 
quantities,  and  as  long  as  there  are  only  reducing  gases  present  in  the 
retorts,  the  danger  of  the  formation  of  silicate  of  lead,  involving  the 
rapid  destruction  of  the  walls  of  the  retorts,  is  not  great  on  account  of 
the  ready  reducibility  of  the  oxide  of  lead.  If,  however,  there  are 
large  quantities  of  oxide  of  lead  in  the  charge,  a  portion  thereof  may 
still  remain  unreduced  at  the  temperature  at  which  the  formation  of 
slag  commences,  and  thus  form  a  silicate.  The  same  action  may  take 
place  even  when  lead  oxide  is  present  only  in  small  quantity  if  a 
considerable  amount  of  air  is  allowed  access  to  the  retort  during  the 
course  of  the  distillation.  The  opinion  was  formerly  held  that  even 
^  small  quantities  of  lead — 2  per  cent. — cause  the  rapid  destruction  of 
the  walls  of  the  retort ;  but  at  present  it  has  been  jjroved  that  the  pre- 
sence of  lead  in  the  charge  up  to  8  per  cent,  does  not  notably  affect  the 
durability  of  the  retorts.     For  instance,  at  Ampsin  (Laminne  Works) 
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and  at  Corphalie,  ores  with  5  to  8  per  cent,  of  lead  and  o2  per  cent, 
of  zinc,  and  at  Bleiberg  with  5  to  8  per  cent,  of  lead,  are  being  treated 
with  good  results.  The  retort  residues,  which  contain  up  to  9  per 
cent,  of  lead  in  the  form  of  small  globules,  are  ground  under  edge 
runners,  and  then  jigged,  whereby  the  percentage  of  lead  is  brought 
up  to  39.  At  the  Wilhelmine  Works,  near  Schoppinitz,  ores  with  10 
per  cent,  of  lead  have  been  treated  without  affecting  the  durability  of 
the  muffles. 

Lead  sulphate  is  reduced  to  sulphide,  which  may  react  with  iron 
reduced  from  oxide  of  iron,  so  that  the  greater  portion  of  the  lead  is 
separated  out,  with  the  formation  of  sulphide  of  iron.  Any  sulphate 
of  lead  that  has  not  been  reduced  may  be  converted  into  silicate  of 
lead  by  the  action  of  silica.  Silicate  of  lead  has  a  corrosive  action 
upon  the  walls  of  the  vessels.  In  the  presence  of  any  ferrous  oxide 
reduced  from  ferric  oxide,  carbon  may  reduce  lead  from  it,  with  the 
formation  of  ferrous  silicate,  which  also  has  a  destructive  action  upon 
the  walls  of  the  vessels. 

Silicates  of  alumina  have  no  injurious  effect  on  account  of  their 
infusibility  as  long  as  other  bases  are  not  present.  In  the  presence 
of  bases  such  as  the  oxides  of  iron,  manganese  and  calcium,  easily 
fasible  double  silicates  are  formed,  which  envelop  a  portion  of  the 
charge  and  attack  the  walls  of  the  vessels. 

Quartz  has  no  injurious  action  by  itself,  but  if  bases  such  as  ferrous 
oxide,  lime  and  manganese  oxide  are  present,  which  form  easily 
fusible  silicates,  it  combines  with  them  to  form  slags,  which  both 
envelop  a  portion  of  the  charge  and  attack  the  vessels. 

Calcium  and  harium  svliihatcs  are  reduced  by  carbon  to  their 
respective  sulphides,  which  tend  to  retain  zinc  in  the  residues  from 
the  distillation.  According  to  Thum,^  these  substances  appear  to  give 
off  half  their  sulphur  to  the  zinc  in  the  presence  of  free  zinc  and 
■carbon,  in  accordance  with  the  equation  : — 

2RSO,  +  Zn  +  4C  =  R,S  +  ZnS  +  -lC0.2. 

Antimoniatcs  are  partly  converted  into  antimonides  and  partly 
are  reduced  to  antimony,  which  is  volatilised  and  may  pass  into  the 
zinc.  Sulphide  of  antimony  is  decomposed  by  iron  with  the  forma- 
tion of  metallic  antimony  and  sulphide  of  iron.  Arscniatcs  are  partly 
reduced  to  arsenides,  whilst  in  part  arsenic  is  volatilised  from  them. 
A  portion  of  the  volatilised  arsenic  passes  into  the  zinc. 

Lime  is  only  injurious  in  the  presence  of  silica  and  oxide  of  iron, 

^  Btrg.  unci  Hiitten.  Zf<j.,  187fi,  p.  l-t."*. 
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these  substances  tending  to  produce  fusible  silicates,  the  injurious 
action  of  which  has  already  been  pointed  out. 

3Iagnesia  alone  has  no  injurious  effects,  but  in  the  presence  of  silica 
and  oxide  of  iron  likewise  tends  to  form  a  slag.  The  presence  of 
considerable  quantities  of  magnesia  tends  to  make  the  slag  difficultly 
fusible,  and  thus  prevents  the  absorption  of  zinc  by  the  latter. 

Cadmium  oxide  is  reduced  to  cadmium  and  volatilised.  Cadmium 
is  more  readily  reduced  and  volatilised  than  zinc,  and  is  therefore 
deposited  with  the  first  condensed  pulverulent  mixture  of  zinc  and 
oxide  of  zinc.     It  is  extracted  from  this  powder. 

Any  silver  contained  in  the  charge  is  only  volatilised  in  very 
imall  quantities.  The  greater  portion  of  it  remains  in  the  distillation 
products,  from  which  it  can  be  obtained  by  smelting  w'ith  lead. 

Tlie,  Cltarge  for  the  Process  of  Reduction 

The  charges  are  prepared  by  mixing  or  grinding  the  ores  with 
the  coal  used  for  reduction,  no  fluxes  being  added.  Formerly  lime 
used  to  be  added  to  silicate  of  zinc.  It  was  found,  however,  that 
this  addition  tended  to  the  formation  of  easily  fusible  double  silicates 
in  the  presence  of  other  bases,  and  has  therefore  been  discontinued. 
If  there  are  various  classes  of  zinc  ore  on  hand,  these  should  be  so 
combined  that  a  purely  siliceous  or  a  purely  basic  grade  is  obtained 
as  far  as  possible.  If  this  is  not  feasible,  they  must  be  so  mixed  that 
the  silica  and  the  bases  shall  form  a  slag  as  difficultly  fusible  as 
possible  at  the  reduction  temperature  of  the  zinc,  as  is  the  case  when 
large  quantities  of  lime,  or,  better  still,  of  lime  and  magnesia,  or  of 
alumina,  are  combined  with  only  small  quantities  of  silica,  or,  on  the 
other  hand,  when  large  quantities  of  silica  exist  together  with  small 
quantities  of  the  above-named  earthy  bases.  Silicates  of  alumina  are 
difficultly  fusible  as  long  as  they  have  not  an  opportunity  of  forming 
readily  fusible  double  silicates  with  the  silicates  of  lime,  iron  or 
manganese.  In  the  presence  of  silica,  the  most  injurious  substances 
are  the  oxides  of  manganese,  iron  and  alkalies,  or  any  quantity  of 
lead  in  the  ores.  The  effect  of  these  bodies  in  the  process  of  reduc- 
tion should  be  diminished  as  far  as  possible  by  the  addition  of  zinc 
ores  free  from  iron,  manganese  or  lead.  The  ores  classified  according 
to  these  principles  are  then  mixed  with  an  excess  of  reducing  agent. 
For  the  latter,  lean  (non-gaseous)  coal  is  emiDloyed  as  free  as  possible 
from  pyrites  and  slate,  or  else  coal  that  has  been  carbonised — so-called 
*'  cinder"  or  else  small  coke,  or  a  mixture  of  raw  and  carbonised  coals. 
At  Freiberg  lignite  coke  is  also  used  as  a  reducing  agent.  An  excess 
of  the  reducing  agent  is  required  both  in  order  to  bring  the  particles 
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of  ore  into  the  most  intimate  contact  possible  with  the  carbon,  and 
also  to  jDromote  the  formation  of  a  certain  quantity  of  carbon  mon- 
oxide. The  latter  gas  produces  a  certain  tension  in  the  vessels,  which 
both  prevents  the  passage  through  the  pores  of  the  walls  of  the 
vessels,  of  the  gases  produced  b}'^  the  furnace  fires,  which,  on  account 
of  the  carbon  dioxide  and  oxygen  they  contain,  would  have  an  oxidis- 
ing effect  upon  the  zinc  vapours,  and  also  expels  these  vapours  into 
the  condensers  and  prevents  atmospheric  air  from  passing  into  the 
latter.  When  coal  is  employed,  hydrocarbons  are  evolved,  which,  in 
the  case  of  heavy  hydrocarbons,  are  dissociated  at  high  temperatures, 
causing  the  separation  of  a  certain  amount  of  carbon,  which  is  de- 
posited in  a  finely  divided  state  in  the  charge.  This  advantage  is, 
liowever,  counteracted  by  the  fact  that  the  expulsion  of  the  gases 
from  these  coals  requires  heat,  that  the  water  vapour  generated  has 
an  oxidising  action  upon  the  zinc,  and  that  the  zinc  vapours  are 
diluted  by  the  expelled  gases. 

The  quantity  of  the  reducing  agent  has  been  increased  at  many 
works  during  recent  years.  For  calamine  and  silicate  of  zinc,  it 
amounts  to  from  one-third  to  half  of  the  weight  of  the  ore,  accord- 
ing to  the  zinc  contents,  and  in  the  case  of  calcined  zinc  blende 
from  half  to  two-thirds  of  the  weight  of  the  ore  on  account  of  its 
difficult  reducibility.  The  grain  of  the  ore  and  of  the  reducing 
material  depends  on  the  one  hand  upon  the  degree  of  reducibility  of 
the  ore,  and  on  the  other  hand  upon  the  form  of  the  vessels  in  which 
the  reduction  is  carried  out.  Silicate  of  zinc  is  more  difficultly  re- 
ducible than  calamine  or  blende,  and  as  it  is  only  reducible  by  carbon, 
and  not  by  carbon  monoxide,  requires  to  be  brought  into  the  closest 
possible  contact  with  the  reducing  agent ;  both  the  ore  and  the  re- 
ducing agent  must  therefore  be  in  the  finest  possible  state  of 
division,  quite  independently  of  the  shape  of  the  vessels  of  distilla- 
tion. They  should  either  be  ground  together  or  be  mixed  as 
thoroughly  as  possible  after  crushing.  Zinc  blende,  which  is  more 
difficultly  reducible  than  calamine,  should  also  be  ground  to  a  ver}" 
fine  powder,  say  U'04  to  0"08  inch  mesh,  as  is  indeed  necessary  for 
its  calcination.  It  must  be  thoroughly  mixed  with  the  reducing 
agent,  which  should  be  crushed  to  about  the  same  size.  Calamine 
(calcined  zinc  carbonate)  is  reduced  comparatively  easily  by  carbon 
monoxide.  It  therefore  requires  no  such  intimate  mixture  with  the 
reducing  agent  as  does  the  silicate.  If  it  has  to  be  reduced  in  vessels 
of  comparatively  large  cajaacity,  such  as  muffles,  it,  together  with  the 
reducing  agent,  need  only  be  crushed  to  bean  or  nut  size.  If  it  has 
to  be  reduced  in  tubular  vessels  which  possess  but  a   small  capacity 
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compared  with  the  muffles,  it  must  be  crushed  a  great  deal  smaller, 
as  also  should  the  reducing  agent.  This  is  required  with  the 
object  of  filling  thoroughly  tlie  tubes  which  are  very  strongly  heated 
by  the  fire,  as  well  as  with  the  object  of  avoiding  loss  of  zinc.  This 
loss  is  partly  due  to  the  vessels  remaining  filled  at  the  end  of 
the  process  with  zinc  vapours  which  burn  and  ai-e  thus  wasted 
when  the  residues  are  raked  out;  the  more  completely  the  vessel  is 
filled,  the  less  is  the  quantity  of  zinc  vapour  that  can  remain  at  the 
end  of  the  distillation,  on  account  of  the  proportionately  larger 
quantity  of  residues  that  will  be  present. 

The  mixture  of  ore  and  reducing  agent  is  either  produced  by 
simply  mixing  the  above-named  substances  in  a  trough  or  upon  the 
floor  of  the  works,  or  else  the  ingredients  of  the  charge,  which  have 
been  first  crushed  separately,  are  ground  together  or  mixed  in  pug  mills. 
For  instance  at  Angleur,  in  Belgium,  ore  and  coal  are  ground  together 
in  a  Vapart  mill  down  to  0*06  inch  mesh.  In  order  to  prevent  the 
ground  mixture  from  being  blown  away  when  it  is  being  charged,  as 
also  to  prevent  its  being  blown  out  of  the  tubes  by  the  pressure  of  the 
gases  evolved  in  the  latter,  it  is  slightly  moistened  with  water.  The 
latter  must,  however,  all  be  removed  before  the  commencement  of 
the  distillation  of  zinc,  otherwise  the  zinc  vapours  would  be  oxidised 
by  it. 

Vessels  in  which  the  Process  of  Reduction  is  Performed 

The  vessels  in  which  reduction  takes  place  are  nowadays  given 
the  shape  of  either  cylindrical  or  elliptical  tubes  known  as  retorts,  or 
prismatic  boxes  arched  above,  known  as  muflies;  in  England 
crucibles  used  also  to  be  employed.  These  vessels  must  be  made  of 
the  most  fire-resisting  materials  possible.  The  zinc  vapours 
escaping  from  them  are  collected  in  receivers  attached  to  them,  made 
of  a  less  fire-proof  material,  wherein  these  vapours  can  condense  to  fluid 
zinc.  The  gases  which  pass  with  the  zinc  vapours  into  the  receivers  or 
adapters,  and  which  consist  substantially  of  carbon  monoxide,  pass 
into  an  apparatus  attached  to  the  adapters  in  which  any  metallic 
portions  carried  off  with  them  can  be  retained,  whilst  the  gases  are 
ultimately  carried  through  flues  or  pipes  into  stacks.  The  material 
of  which  the  vessels  are  composed,  is  a  mixture  of  fireclay  and 
burnt  clay,  or  burnt  clay  and  quartz.  In  some  works  coke  is  also 
mixed  with  the  fireclay.  The  great  objections  to  these  materials  is 
that  the  clay  is  a  bad  conductor  of  heat,  and  will  not  stand  great 
alternations  of  temperature ;  that  it  is  attacked  by  the  material  of  the 
charge,  as  also  by  high  temperatures  ;  that  it  is  not  quite  close  in 
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texture  but  presents  numerous  minute  fissures,  and  in  consequence 
thereof  allows  zinc  vapour  to  escape.  Steger  has  therefore  recom- 
mended the  use  of  raufldes  made  of  magnesia  bricks:^  these  have  not 
however,  come  into  use  up  to  the  present.  The  mixture  at  present 
used  consists  of  raw  and  burnt  clay,  or  clean  fragments  of  old 
vessels  in  place  of  the  latter,  and  presents  the  greater  resistance  to 
fluxes,  the  higher  the  proportion  of  alumina  as  compared  with  that  of 
silica.  For  this  reason  the  attempts  which  have  been  made,  for 
example  in  Upper  Silesia,  to  add  coarse-grained  fragments  of  quartz 
to  the  mixture  for  making  muffles  has  proved  unsuccessful  even  in 
the  case  of  basic  charges.  In  Upper  Silesia  the  vessels  are  made 
from  clays  obtained  from  Saarau,  from  Mirow,  and  more  recently  of 
clay  from  Briesen,  near  Lettowitz  in  Moravia,  which  is  remarkable  for 
its  excej)tional  fire-proof  qualities.  The  composition  of  these  clays  is 
as  follows : — 


1. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Locality. 

Saai-au. 

Saarau. 

Mirow. 

Mirow. 

Briesen. 

Briesen. 

Briesen. 

Authority. 

steger. - 

steger.- 

steger.  ■- 

Steger.-- 
66-62 

Bisehof.3 

Hecht.4 

44-87 

Hecht.4 

Silica 

49-00 

.50-41 

65-39 

44-88 

45-11 

Alumina     .    . 

36-75 

32-66 

22-72 

20-82 

39-93 

39-76 

39-68 

Ferric  oxide  .    . 

0-80 

3-23 

0-91 

1-94 

0-99 

114 

1-25 

Lime 

— 

0-50 

— 

0-51 

0-21 

0-76 

0-07 

Magnesia  .    .    . 

0-56 

— 

0-23 

0-64 

0-08 

trace 

trace 

Potash    . 

0-41 

1  m 

0-S6 

2-20 

0-52 

0-67 

0-66 

Soda 

0-37 

— 

1-84 

— 

— 

— 

— 

Loss  on  ignition   . 

11-87 
99-76 

11-64 

7-77 

6-17 

13-03 

12-95 

13-24 

100-00 

99-72 

98-90 

99-64 

100-15 

100-01     j 

In  Nos.  I.  and  II.  14  per  cent,  of  the  silica  is  in  the  form  of  sand,  in  Nos.  III.  and 
IV,,  37  per  cent.,  and  in  Nos.  V. — VII.,  only  0-25  per  cent. 

The    better    qualities    of    fireclay    used    in     Belgium    for    the 
manufacture  of  tubes  have  the  following  composition  : — 


Locality. 

Andenue. 

Xaiiiur. 

Xatoye. 

X'atoye. 

Silica 

54 

63 

71 

76 

Alumina    .    .    . 

26 

24 

20 

18 

Ferric  oxide 

•? 

1 

2 

trace 

Lime 

— 

1 

— 

— 

Water    .... 

20 

11 

/ 

6 

1  Preuss.  Minist.  Zeitschr/t.,  1894,  p.  163. 

^  Eisen  unci  MetalL,  1888,  p.  53. 

^  Steger,  Ztitsch.  d.  Ohersrhhs.,  Berrj.  nii<l  Hiitf.   Vtrein-i,  1888,  p.  133. 

->  Thonindusfrie  Ztrj.,  1888,  No.  22. 
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The  following  are  analyses  of  certain  varieties  of  clay  used  in  the 
United  States  of  America: — 


J       ,■^.  Wood-  I     Wood-  ,  Chelten-  i>  Chelten-  |  St.  Louis,  Perth  Am. 

KocAiuy.  >,ridKe.l  >   hridge.l  i      hain.l  liain.l  Mo/-!  boy,  N.  J.2 

Los^;  on  ignition  .  HilMi  Kr^T  ]4-(j.3  li&J  lo\Su  14-3<i 

Alumina".    .    .    .  87-.'«  87 -nl  30-OS  ;^()-47  'Mr^'A  H.")')!! 

Silica      4-2\S.i  4-2-83  50-19  ."jiClU  oOSO  4090 

Ferric  oxide      .    .        M8  1-04  2-79  248  1-92  MO 

Lime 1-48  1-41  ISl  l-ol  —  — 

Magnesia   ....  0-41  0-46  0-47  0*29  —  — 

Potash 0-76  OS-")  OGo  0-97  0-40  0-28 

Soda —  —  —              —  —  0-lG 

Titanic  acid  ...         —  —  —              —  1-50  1-30 


The  St.  Louis  clay  contained  12'70  per  cent,  of  the  silica  as  free 
quartz,  and  the  Perth  clay  6"40  per  cent. 

By  the  addition  of  quartz  or  sand  the  clay  can  be  made  richer  in 
.silica,  and  by  the  addition  of  a  pure  clay-slate,  richer  in  alumina. 
With  ores  rich  in  quartz  a  certain  amount,  up  to  10  per  cent.,  of 
quartz  may  be  added  to  the  clay,  but  in  the  case  of  basic  ores,  it  is 
advisable  to  employ  clay  as  low  in  quartz  as  possible,  or  to  add  to 
clay  rich  in  quartz  certain  qualities  of  clay  or  clay-slate  very  rich  in 
alumina.  As  the  charge  is  generally  basic,  it  is  in  most  cases 
preferable  to  employ  in  the  manufacture  of  the  vessels  a  material  as 
rich  as  possible  in  alumina  and  as  poor  as  possible  in  silica.  In  the 
preparation  of  the  material,  a  portion  of  the  clay  is  cleaned  and 
dried  ;  another  portion  is  burnt.  The  burnt  and  dried  clay,  as  well  as 
the  other  materials  which  are  to  be  added,  amongst  wdiich  may  be 
clean  fragments  of  old  vessels,  or  coke,  quartz  or  sand,  are  ground, 
generally  under  edge  rolls,  and  then  moistened  with  water  and 
mixed.  The  mixing  is  generally  performed  in  pug  mills  or  by 
shovelling  and  treading.  The  kneaded  clay  is  allowed  to  lie  for  a 
time,  usually  from  4  to  6  weeks.  The  proportions  of  the  various 
materials  vary  according  to  their  quality.  At  the  Eiigis  Works,  in 
Belgium,  the  mixture  consisted  for  a  long  tiuie  of  18  parts  of  coke, 
30  parts  of  raw  clay,  27  parts  of  burnt  clay,  15  parts  of  fragments  of 
old  vessels,  and  10  parts  of  sand.  At  the  works  in  the  Rhine 
Provinces  10  per  cent,  of  coke  is  used.  In  many  works  in  Belgium, 
as  also  in  Spain  (Asturias  Company,  Province  of  Santander), 
considerable  quantities  of  quartz  or  sand  are  added  to  clay  rich  in 
quartz,  so    that  the  vessels  consist  chiefly  of  silica.     The  latter   is 

1  Herij.  iiikI  Hiitf.  Jalirh.  d.  ALxul.,  vol.  xxvii.,  Vienna,  1879. 

"-  E„<i.  (iiul  .V;„.  Joiini.,  Nov.  2."..  1S9.-.  :   Tlx   }[;,„  ml  TmhiHtry,  1893,  p.  650. 
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certainly  less  resistant  towards  fluxes  than  alumina ;  on  the  other 
liand,  it  stands  fire  well,  is  a  good  conductor  of  heat,  and  allows  of 
thinner  vessels  being  produced  than  does  clay.  At  the  works  in 
Upper  Silesia,  the  muffles  ai^e  made  of  a  mixture  of  35  to  45  per 
cent,  of  raw  clay  fiom  Saarau,  Lettowitz,  and  Szczakowa,  and  55  to 
65  per  cent,  of  burnt  clay  or  fragments  of  old  muffles.  From  the 
Lettowitz  clay,  the  composition  of  which  is  given  above,  as  also  from 
the  clay-shale  of  Neurode,  which  contains  up  to  44  per  cent,  of 
alumina,  muffles  may  be  made  containing  45  of  alumina  and  53  per 
cent,  of  silica,  which  can  resist  a  temperature  of  at  least  1,800°  C.^ 
The  composition  of  the  Neurode  clay-shale  is,  according  to  Steger,  as 
follows  : — - 


Alumina 
Silica  .    . 
Sand   .    . 
Magnesia 
Lime  .    . 
Ferric  oxide 
Potash    .    . 
Loss  on  ignition 


I. 

II. 

36-30 

35-70 

38-94 

.38-29 

4-90 

4-40 

0  19 

— 

0-19 

trace 

0-46 

1-01 

0-42 

1-11 

17-78 

19-49 

This  exceptionally  fire-proof  clay  is  burnt  twice  and  cleaned  after 
each  burning.  This  burnt  clay  makes  exceedingly  satisfactory 
muffles.  In  the  United  States  of  North  America  the  muffle  mixture 
consists  of  equal  parts  of  raw  and  burnt  clay.  According  to 
Degenhardt  ^  the  composition  of  fragments  of  Belgian  retorts  is  as 
follows  : — 


Blue  Fragments. 

White  Fragments. 

Silica 

Alumina     .... 
Ferric  oxide      .    . 
Zinc  oxide     .    .    . 
Manganic  oxide    . 

Lime 

Magnesia  .... 

41-13 
33-48 
2-84 
21-47 
0-37 
0-92 
0-47 

50-10 
38-28 
3-42 
6-10 
0-41 
113 
0-73 

The  receivers  or  adapters,  which  are  used  at  present,  receive  the 
shape  of  cylindrical,  conical  or  bellied  tubes,  or  of  prismatic  boxes 
arched  on  their  upper  sides,  which  are  made  of  less  fire-proof 
material  than  the  vessels  used  for  distillation.  In  many  places  they 
are  composed  of  equal  parts  of  raw  and  burnt  clay. 


'  Steger,  ojJ.  cif.,  p.  66. 


-  Op.  cif.,  p.  53. 


3  Ibid. 
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To  these  adapters  there  are  attached  nozzles  Avhich  may  take  the 
shape  of  cones  or  cylinders  made  of  sheet  iron,  prismatic  boxes  made 
of  clay,  or  prismatic  boxes  made  of  clay  provided  with  a  grating. 
These  prismatic  boxes  are  connected  either  with  systems  of  tubes  or 
flues,  through  which  the  gases  may  be  conducted  into  stacks,  or  with 
some  other  apparatus  to  collect  the  metallic  particles  that  are  still 
contained  in  them. 

The  shape  of  the  furnace  depends  upon  the  shape  and  size  of  the 
vessels  used  for  distillation.  Those  furnaces  which  contain  vessels  of 
circular  or  elliptical  cross-section  lying  more  or  less  horizontally  are 
called  Belgian  Furnaces ;  those  in  which  the  tubes  stand  vertically 
are  knoAvn  as  Corinthian  Furnaces ;  those  in  which  crucibles  are  used 
are  known  as  English  Furnaces ;  and  those  in  which  muffles  are 
employed  are  known  as  Silesian  Furnaces.  The  use  of  Corinthian 
and  English  furnaces  has  been  completely  discontinued,  and  they 
therefore  only  now  possess  an  historical  value.  They  will  therefore 
only  be  considered  here  in  general  terms.  The  Belgian  and  Silesian 
furnaces,  on  the  other  hand,  together  with  a  modification  of  the 
former  known  as  Belgo-Silesian  furnaces,  require  detailed  description. 

The  tubes  or  retorts  of  the  Belgian  furnaces  are  either  circular 
in  cross-section,  with  a  diameter  in  the  clear  of  G  to  10  inches,  and 
with  a  lenoth  of  8  feet  3  inches  to  4  feet  9  inches,  or,  when  the 
cross- section  is  elliptical,  the  long  axis  is  8f  inches  in  the  clear,  and 
the  short  axis  65  inches  to  7  inches ;  the  walls  are  1^  inches  thick. 
The  length  is  limited  by  the  fact  that  the  retorts  are  only  supported 
at  their  extremities,  and  must  therefore  carry  their  OAvn  weight 
together  with  that  of  the  charge  without  bending  or  breaking.  They 
lie  with  one  end  on  projections  or  ridges  along  the  rear  wall  of  the 
furnace,  and  with  the  other  end  supported  upon  ledges  of  clay  in  the 
front  wall  of  the  furnace  and  inclined  towards  the  latter,  as  is  shown 
in  Figs.  47  and  48,  in  order  to  facilitate  the  removal  from  them  of 
liquid  matter  and  the  emptying  out  of  any  residue. 

Figs.  47  and  48  represent  a  Belgian  furnace  with  flat  grate  ;  c 
are  the  i-etorts ;  /  are  the  adapters ;  cj  the  nozzles  attached  to  the 
latter  ;  d  are  the  projections  of  the  rear  wall ;  c  the  clay  slabs  of  the 
front  wall  upon  which  the  retorts  rest ;  h  are  plates  of  cast-iron  which 
form  the  continuation  of  these  clay  slabs  ;  i  are  bricks  which  support 
the  adapters.  The  flames  generated  upon  the  grate  a  travel  round 
the  retorts,  ascending  in  the  shaft  of  the  furnace,  and  escape  at  /  out 
of  the  furnace  proper  and  pass  into  the  stack.  The  retorts  are 
disposed  in  from  5  to  8  rows  above  each  other,  so  that  the  greater 
portion  thereof  shall  be  surrounded  by  the  flames.     The  furnaces  are 
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either  single  furnaces  with  only  one  shaft,  or  so 
with  two  shafts  separated  by  a 
vertical  wall.  The  muffles  of  the 
Silesian  and  Belgo-Silesiau  fur- 
naces have  the  shape  of  prismatic 
boxes  arched  above,  as  is  shown 
in  the  cross-section  through  the 
front  end  of  a  muffle  in  Fig.  49. 
The  back  side  is  permanently 
closed,  whilst  the  front  side  is 
only  closed  during  the  process, 
the  lower  half  by  a  clay  tile,  the 
upper  half  by  the  end  of  the 
adapter,  or  else  by  a  tile  which 
has  an  opening  to  I'eceive  the 
adapter.  The  adapter  rests  upon 
a  step,  which  again  is  supported 
by  projections  in  the  muffle.  A 
muffle  with  cylindrical  adapter  is 
shown  in  Fig.  50.  More  recently 
adapters  of  prismatic  form  have 
been  used  in  Upper  Silesia.  The 
muffles  do  not  exceed  26  inches 
in  height — usually  24  inches — 
their  width  being  from  oh  to  6f 
inches  ;  their  length  .cl 

varies  from  3  feet 
3  inches  to  7  feet. 
If  the  muffle  is  only 
supported  at  front 
and  back,  its  length 
must  not  exceed  4 
feet.  A  big  Silesian 
muffle  will  take  on 
the  average  a  charge 
of  2  cwt.  of  calcined 
ore.  The  arrange- 
ment  of  a  Silesian 
furnace  fired  by 
means    of    a     grate 

and   with  descending^   flame,  beino^  the   older 
Belgo-Silesian  furnace,  is  shown  in  Figs.  51  to 


-called  double  furnaces 


Fig.  48. 


type  of  the  so-called 
55.     Fiof.  51  shows  the 
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longitudinal  section  on  the  horizontal  line  CD ;  Fig.  52  a  sectional  plan 
on  the  line  AB\  Fiof,  53  a  transverse  section  on  the  line  EF.  In 
these  figures  c  are  the  muffles,  of  which  16  are  disposed  on  either 
side  of  the  grate ;  2  furnaces,  with  32  muffles  in  each,  are  combined 
together  to  form  a  block.  The  flame  rising  from  the  grate  R 
surrounds  the  muffles  e,  and  passes  through  apertures  in  the  floor 


Fig.  .00. 


1      ^      1      T      1      'i    i        ■n      1      % 


of  the  furnace  into  the  flues  Ic,  which  convey  the  products  of  com- 
bustion to  the  stack ;  ^  is  a  cliamber  for  calcining  calamine  or  for 
re-melting  zinc  ;  v  are  flues  through  which  the  residues  from  the 
distillation,  which  remain  in  the  muffles,  are  dropped  into  vaults  T; 
these  vaults  open  into  a  main  vault  w,  which  runs  parallel  to  the 
longitudinal  axis  of  the  furnace ;  u  are  the  adapters  of  the  muffles, 
q  the  nozzles  attached  to  these.  The  zinc  collects  in  the  swell  of 
these  adapters,  and  is  raked  out  from  them  from  time  to  time  into 
an  iron  ladle  held  in  front  of  the  adapters,  the  nozzles  being  removed 
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for  this  purpose.  The  adapters'  are  placed  in  pairs  in  recesses  into 
which  the  front  ends  of  the  respective  muffles  project  for  a  length  of 
about  2  inches.  These  recesses,  of  whicli  there  are  8  on  each  longer 
side  of  the  grate,  are  separated'hy  party  walls  A.  The  front  of  a  pair 
of  such  muffles  is  shown  on  a  somewhat  larger  scale  in  Fig.  54,  in 
which  t  are  the  steps  upon   which  the  back-end  of  the  adapter  is 


i  pninn[  fcTTn?T!r|  jipnTTTn  inrffiTf  wwrrttif  BfHTWtftT!  fafnTTrnr^ 

M...-^  id  'J  a  d  'J  l!  a  J  Q  a  Q..'.. 


'  IffflfRni  iBiTinnil  jiffTfifiii  jBHifnfn, 


-B 


"H^ 


Fig.  52. 


supported.  The  front-end  rests  upon  an  iron  frame,  which  is  also 
represented  in  Fig.  55  upon  a  somewliat  larger  scale.  The  latter 
closes  the  recesses  in  front,  and  is  completely  closed  below  by  means 
of  a  door  y. 

At  some  works  several  rows  (up  to  3)  of  muffles  are  placed  one 
above  the  other.  Such  a  furnace  fired  by  gas  and  containing  3  rows 
of  muffles,  holding  altogether  50  to  55  muffles,  which  is  in  use  in  the 
Rhino  Provinces,  is  shown  in  Fig.  56;  m  are  the  muffles;  the  two 
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upper  rows  rest  upon  benches  formed  of  strongly  fireproof  clay  : 
V  are  the  adapters  for  the  collection  of  the  zinc.  The  producer  gas, 
generated  in  a  producer  not  shown  in  the  drawing,  passes  through 
the  flue  a  into  the  vertical  flue  h,  and  is  there  mixed  with  the  air  for 
combustion,  which  enters  the  flue  c  through  the  flues  I,  and  passes 
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Fig.  56. 

thence  through  d  into  h.  The  flame  rises  up  to  the  arch  of  the 
heating  chamber,  then  returns  and  descends  through  the  openings 
e  into  the  flue/,  whence  it  passes  through  flues  g,  h  and  i  into  the 
stack.  On  its  passage  through  the  flue  h  it  surrounds  the  air  flues 
I,  by  means  of  which  the  air  used  for  combustion  is  heated. 

In  England^  the  vessels  for  distillation  used  formerly  to  be  large 
^  Perc}',  Metallurytj,  p.  555. 
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crucibles  composed  of  a  mixture  of  7  parts  of  best  Stourbridge  clay, 
5  parts  of  a  second-quality  clay,  8  parts  fragments  of  glass  pots,  and 
G  parts  of  fragments  of  old  zinc  crucibles.  These  crucibles  were 
notable  for  their  exceptional  durability.  Each  of  them  could  contain 
868  pounds  of  calcined  zinc  blende.  The  crucibles  were  heated  in  a 
furnace  arranged  like  a  glass-melting  furnace.  The  zinc  vapours, 
evolved  during  the  process  of  distillation,  escaped  through  an 
opening  in  the  bottom  of 
the  crucible  into  a  vertical 
descending  pipe.  In  the 
latter  they  condensed  and 
trickled  into  a  vessel  of 
sheet-iron  placed  at  the 
bottom.  The  distillation 
was  accordingly  a  distilla- 
tion per  descensum.  The 
construction  of  such  a 
crucible  with  its  tube  at- 
tached is  shown  in  Fig.  57. 
The  crucible  was  charged 
through  the  opening  on  top , 
the  removable  cover  being 
taken  away  for  this  pur- 
pose. These  openings  were 
accessible  through  openings 
in  the  vault  of  the  furnace, 
also  provided  with  covers. 
The  tube  for  conducting 
away  the  zinc  vapours  was 
composed  of  sheet-iron,  and 
was  made  in  two  parts,  h 
and  c.  The  upper  portion 
h  was  held  in  an  iron  ring 

which  rested  upon  a  cross  piece  d,  welded  to  the  perpendicular 
iron  rods  /,  which  pass  through  eyes  secured  to  the  furnace.  The 
iron  rods  could  be  raised  or  lowered  in  these  eyes  and  clamped 
in  any  desired  position.  By  pushing  the  rods  up,  the  upper  portion 
of  the  tube,  which  was  provided  with  a  flange,  could  be  brought  into 
close  contact  with  the  bottom  of  the  crucible.  The  lower  tube  was 
pushed  into  the  upper  one  and  fastened  by  being  turned  round  in  it. 
Below  the  bottom  tube  there  was  an  iron  vessel  to  collect  the  zinc. 
The  construction  of  the  English  furnace  is  shown  in  Fig.  58,  in  which 
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e  are  the  crucibles,  6  in  number,  which  were  placed  on  cither  side  of 
the  grate  a.  The  flames,  after  heating  the  crucibles,  passed  through 
openings  g  in  the  vault  of  the  furnace  into  the  flue ;  h  is  the  fire- 
door.  The  crucibles  were  inserted  in  the  furnace  through  arched 
openings  m,  which  were  closed  during  the  operation  by  means  of 
movable  walls  built  of  brick  lumps.     In  the  latter  there  were  small 

openings  c,  which 
could  be  more  or  less 
closed  as  required  by 
means  of  bricks,  the 
fire-door  being  kept 
closed  by  means  of  a 
shovelful  of  coals.  The 
openings  c  served  to 
clay  up  any  cracks  in 
the  crucible  that 
might  form  in  the  side 
exposed  to  the  fire. 
The  crucibles  were 
charged  through  the 
openings  h,  which 
were  kept  closed 
during  the  operation 
by  means  of  a  tile  %. 
The  gases  escaped 
through  the  aperture 
g  into  the  flue,  a  tile  / 
being  used  for  regu- 
lating the  draft ;  /  is 
the  tube  through 
which  the  zinc  vapours  were  conducted  down ;  _p  the  sheet-iron 
vessel  in  which  the  condensed  zinc  was  collected.  The  residues 
after  distillation  were  removed  through  the  opening  in  the  bottom 
of  the  crucible.  These  English  furnaces  have  been  entirely  disused, 
and  have  been  replaced  by  Belgian  or  Silesian  furnaces  on  account 
of  their  high  consumption  of  fuel,  one  ton  of  zinc  requiring  from  22 
to  27  tons  of  coals. 

At  Delach,  near  Greifenburg,  in  Carinthia,  small  vertical  tubes 
were  used  at  the  commencement  of  this  century  in  the  j)i'ocess 
of  distillation.^  These  tubes  were  closed  at  their  upper  wider  end, 
and  opened    at  their  bottom  end  into    a  tubular  receiver  through 

^  Hollunder,  Twjehxu'.h  eintr  Met.  Reise,  Niii-nberg,  1824,  p.  273  ;  Percy,  jj.  585. 
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which  the  zinc  vapours  passed  into  a  chamber  common  to  all  the 
tubes,  in  which  they  were  condensed.  The  floor  of  this  common 
receiver  was  formed  by  an  iron  plate  upon  which  the  zinc  trickled 
down.  Eighty-four  such  tubes  were  placed  in  a  reverberatory 
furnace.  The  tubes  were  3  feet  3  inches  long,  4^  inches  in 
diameter  at  the  top,  and  3 J  inches  at  the  bottom.  From  .5  to  7  lbs. 
of  ore  were  charged  into  each,  the  upper  empty  portion  of  the 
tube,  4  inches  long,  being  filled  with  small  pieces  of  charcoal.  This 
method  of  distillation  has  long  been  abandoned  on  account  of  the 
high  costs  connected  with  it.  Recently  vertical  tubes  of  larger 
diameter  for  the  treatment  of  lead-bearing  zinc  ores  have  been  pro- 
posed   by    Chenhall,^    by    Binon    and    Grandfils,^   by   Keil,^  ana  by 

Griitzner  and  Kohler.*  The  furnace  of 
Binon  and  Grandfils,  which  possesses  such 
tubes  arranged  for  continuous  working, 
with  adapters  to  collect  the  zinc  at  their 
upper  ends,  and  with  an  opening  at  the 
lower  end  for  the  removal  of  the  residues 
of  distillation  and  for  the  collection  or 
tapping  off  of  the  lead,  is  shown  in 
Fig.  59.  D  is  the  tube  8  feet  10  inches 
long  and  15|  inches  in  diameter.  It 
stands  in  a  cast-iron  tube  E  filled  with 
clay,  which  is  attached  to  the  upper 
portion  of  a  boot-shaped  pi'ojectiou  F. 
Fig.  59.  The  Upper  opening  of  the  tube,  through 

which  it  is  charged,  is  closed  by  means 
of  a  cover  h.  K  is  a  conical  adapter  for  the  collection  of  the  zinc 
vapours.  Each  furnace  contains  12  to  16  of  such  tubes,  which  stand 
upon  the  cast-iron  boxes  F,  which  in  their  turn  are  supported  by 
the  brick  pillars  G.  The  tubes  are  heated  by  gas,  which  is  burnt  in 
the  flues  H  by  the  aid  of  air  previously  heated.  Nothing  is  known 
to  the  author  as  to  the  practical  results  obtained  in  these  tubes  or 
their  application  on  a  large  scale. 


1  OtMerr.  Zelt.schr.,  1880,  p.  4(52. 

2  Ibid.  1881,  p.  325;  DiiKjl.  Jouni.,  vol.  235,  p.  222. 

3  Berg,  unci  Hiitt.  Ztg.,  1888,  p.  116. 

*  D.  R.  Patent,  No.  58,026,  September  25,  1889. 
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General  Considerations  Respecting  the  Process  of 
Reduction 

As  will  be  seen  from  the  above  statements,  the  process  of 
reduction  is  carried  on  in  comparatively  small  A'essels  more  or  less 
readily  destroyed,  which  do  not  admit  of  continuous  action,  and  are 
expensive  to  produce,  whilst  the  cost  of  fuel  and  wages  is  high.  If 
■  to  this  is  added  that  the  extraction  of  zinc  is  an  imperfect  one, 
ranging  from  70  to  90  per  cent,  of  the  zinc  contents  of  the  ore, 
because  the  losses  of  zinc  amount,  under  the  most  favourable  circum- 
stances with  rich  ores,  to  10  per  cent,  of  the  contents  of  the  ore,  and 
in  the  case  of  poorer  ores  to  30  per  cent.,  being  due  to  zinc  remaining 
behind  in  the  residues,  to  zinc  vapours  that  remain  in  the  vessels  at 
the  end  of  the  distillation  and  the  burning  of  the  latter  when  the 
residues  are  removed,  to  imperfect  condensation  of  zinc  vapours,  to  the 
escape  of  zinc  vapours  from  the  vessels,  and  to  the  retention  of  zinc 
as  an  aluminate  in  the  walls  of  the  vessels,  the  present  process  of 
zinc  extraction  must  be  considered  as  a  highl}^  imj)erfect  one,  when 
compared  with  the  processes  for  the  extraction  of  metals  which  are  not 
volatile  when  reduced  in  the  dry  way.  In  consequence  of  the  above- 
named  difficulties,  poor  zinc  ores  cannot  be  utilised  at  all  for  the  ex- 
traction of  zinc.  It  is  therefore  intelligible  that  metallurgists  have  long 
been  striving  to  replace  the  present  discontinuous  process  by  a  con- 
tinuous process  in  shaft  furnaces.  The  whole  of  the  attempts  in  this 
direction  have,  however,  as  far  as  regards  the  extraction  of  metallic 
zinc,  given  unfavourable  results.  Having  regard  to  the  difficulty  of  the 
condensation  of  zinc  in  vapours  which  are  diluted  to  a  high  degree  by 
the  products  of  combustion  and  by  the  nitrogen  of  atmospheric  air, 
such  as  is  the  case  with  zinc  vapours  obtained  from  shaft  furnaces,  it 
is  not  probable  that  the  problem  of  the  direct  extraction  of  zinc  in 
such  furnaces  will  be  satisfactorily  solved.  It  is,  however,  highly 
probable  that  ores  poor  in  zinc  may  be  worked  in  shaft  or  rever- 
beratory  furnaces  and  yield  intermediate  products  rich  in  zinc,  as,  for 
instance,  mixtures  of  pulverulent  zinc  with  small  quantities  of  oxide, 
or  zinc  oxide,  which  would  form  a  suitable  material  for  zinc  distillation 
in  appropriate  vessels. 

Having  regard  to  the  small  probability  of  success  in  the  direct 
zinc  extraction  in  shaft  or  reverberatory  furnaces,  efforts  during 
the  last  20  years  have  been  directed  to  the  improvement  of  the 
process  of  zinc  extraction  in  its  actual  form,  with  favourable  results. 
These  improvements  consist  chiefly  in  the  introduction  of  gas-firing, 


ZINC  103 

in  increasing  the  size  of  the  furnaces,  in  improving  the  fire-proof 
qualities  of  the  material  employed  for  the  vessels,  and  in  the 
production  of  these  with  dense  walls  by  the  employment  of  hydraulic 
pressure,  the  improvement  of  the  apparatus  used  for  the  condensation 
of  zinc  vapours,  and  for  the  removal  of  condensed  zinc  from  the 
adapters,  for  the  collection  of  the  zinc  which  has  not  been  condensed 
in  these,  and  for  keeping  the  interior  of  the  zinc  works  free  from 
fumes.  We  have  therefore  to  consider  as  the  only  method  of  zinc 
extraction  used  up  to  the  present  in  the  dry  way,  the  distillation  of 
zinc  in  vessels  and  its  chief  variations  : — 

(1)  Distillation  in  horizontal  retorts  or  the  Belgian  method. 

(2)  Distillation  in  muffles,  or  the  Silesian  method. 

The  other  above-named  methods,  viz.,  the  English  and  the 
Carinthian,  are  no  longer  in  existence,  and  need  therefore  no  further 
consideration. 

Comparison  of  the  Process  of  Distillation  in  Retorts 
AND  Muffles 

The  differences  between  distillation  in  retorts  and  in  muffles  have 
been  pretty  well  equalised  since  the  introduction  of  gas-firing.  There 
are  districts  in  which  distillation  is  carried  on  in  retorts  to  as  much 
advantage  as  it  is  in  muffles,  as  for  instance  the  Rhine  Provinces, 
Westphalia  and  Belgium.  As  long  as  ordinary  grates  only  were  used 
for  zinc  distillation,  the  choice  between  retorts  and  muffles  depended 
generally  upon  the  flame-giving  quality  of  the  coals.  Distillation  in 
retorts  required  coals  giving  a  long  flame,  whereas  distillation  in 
muffles  could  be  performed  also  with  coals  that  gave  but  a  short  flame. 
Only  in  recent  times  has  it  been  rendered  possible  by  means  of 
special  construction  of  grates  to  use  fuel  giving  a  short  flame  also 
for  the  heating  of  retorts.  For  example,  in  the  United  States  by 
burning  anthracite  coal  upon  what  are  known  as  Wetherill  grates, 
consisting  of  cast-iron  plates  with  conical  holes,  by  means  of  heated 
air,  a  long  flame  suitable  for  the  heating  of  retorts  has  been  obtained. 
Hence  it  happens  that  in  districts  which  yielded  coals  giving  short 
flames,  as  in  Upper  Silesia,  muffles  were  first  employed,  whereas  in 
districts  in  which  fat  or  long-flaming  coals  were  available,  as  in  the 
Rhine  Provinces,  Westphalia  and  Belgium,  both  retorts  and  muffles 
came  into  use.  By  the  introduction  of  gas-firing  in  its  various 
modifications,  and  of  the  above-mentioned  Wetherill  grates,  the 
choice  of  the  vessels  employed  has  been  rendered  independent  of  the 
flaming  properties  of  the  fuel. 

Retorts  present  the  objection  that,  being  only  supported  at  their 
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two  ends  and  completely  exposed  to  the  fire,  they  last  for  a  shorter 
time  than  do  muffles,  and  therefore  necessitate  a  greater  consumption 
of  fireproof  material,  and  this  of  better  quality  than  do  muffles. 
Their  capacity  at  the  same  time  is  less  than  that  of  the  muffles,  so 
that  they  require  to  be  more  frequently  filled  and  emptied  than  do 
the  former.  For  these  reasons,  and  also  on  account  of  their  being 
disposed  in  a  large  number  of  tiers  one  above  the  other,  they  require 
more  highly  skilled  labour  than  muffles,  so  that  the  cost  for  labour 
in  working  them  is  greater  than  in  the  case  of  muffles.  When  fire- 
grates are  used,  they  require,  however,  less  fuel  than  inuffles  ;  when 
ffas-firing;  is  used,  and  when  the  air  needed  for  combustion  is  first 
heated,  or  when  both  air  and  gas  are  heated,  any  difference  in  the 
consumption  of  fuel  disappears,  especially  when  several  rows  of 
muffles  are  placed  one  above  the  other.  On  account  of  their  smaller 
diameter  and  their  free  position  in  the  fire,  heat  penetrates  more 
rapidly  into  the  interior  of  the  retorts  than  into  muffles.  They 
are  therefore  specially  useful  for  difficultly  reducible  ores  which 
require  a  very  high  temperature  like  silicates  of  zinc.  On  account 
of  their  small  capacity  they  have  to  be  filled  very  closely,  and  are 
therefore  suitable  for  ores  crushed  very  fine,  as,  for  instance,  roasted 
blende.  For  the  treatment  of  poor  ores,  retorts  are  less  suitable 
than  for  the  treatment  of  rich  ores,  because  the  former  require  a 
longer  time  for  their  reduction,  and  are  therefore  best  treated  in 
muffles,  in  which  the  ores  remain  twice  as  long  as  they  do  in 
retorts.  For  example,  in  Belgium,  ore  containing  less  than  35  to  40 
per  cent,  of  zinc  cannot  be  treated  with  advantage  in  retorts,  whereas 
in  Upper  Silesia  ores  containing  12  per  cent,  of  zinc  are  treated 
successfully  in  muffles.  Since  the  introduction  of  gas-firing,  and 
since  muffles  have  been  placed  in  several  tiers  one  above  the  other, 
it  is  no  longer  possible  to  give  a  general  decision  applicable  to  all 
instances  regarding  the  choice  of  muffles  or  retorts.  Both  forms  of 
vessels  are  used  with  equal  advantage  in  many  districts  for  both 
calamine  and  blende.  For  example,  in  Belgium  retorts  are  used  at 
Angleur,  Corphalie  and  St.  Leonard,  whereas  muffles  are  used  in 
Flone  and  Valetin  Cocq.  In  the  Rhine  Provinces  retorts  are  used 
at  Muhlheim  and  Moresnet,  muffles  at  Borlech,  Hamborn  and 
Stahlberg ;  in  Westphalia  muffles  are  at  present  employed ;  in 
Upper  Silesia  muffles  are  used  exclusively ;  in  Spain  and  in  the 
United  States  only  retorts. 

Very  difficultly  reducible  ores,  such  as  silicate  of  zinc,  are  best 
treated  in  retorts — poor  ores  in  muffles.  Finely  ground  ores,  as  also 
ores  rich   in  zinc,  may  be  treated  in  retorts  or  small  muffles  (Belgo- 
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Silesian  muffles),  which  are  placed  in  several  rows  one  above  the 
other,  when  good  and  cheap  fire-resisting  material  is  obtainable,  and 
when  labour  of  sufficient  skill  is  available,  whilst  under  opposite 
circumstances  large  Silesian  muffles  should  be  employed.  Coarse- 
grained ores  can  be  treated  both  in  muffles  and  in  retorts  ;  it  depends 
upon  their  zinc  contents  which  form  should  receive  the  preference. 
Poor  ores  are  best  treated  in  Silesian  muffles,  rich  ores  in  retorts  or 
Belgo-Silesian  muffles. 

The  question  how  poor  an  ore  may  be  and  still  be  treated  profit- 
ably, depends,  apart  from  the  price  of  zinc,  upon  the  rate  of  wages 
the  cost  of  fuel,  and  the  cost  of  fire-resisting  materials.  The  item  of 
coal  is  the  highest,  next  comes  that  of  wages,  and  lastly  that  of  fire- 
resisting  materials.  For  example,  the  costs  of  distillation  per  ton  of 
calcined  ore  in  Beliio-Silesian  furnaces,  under  conditions  obtaining 
in  the  Middle  Rhine  Provinces,  are  distributed  as  follows,  according 
to  Lynen  : — ^ 

Coals 15s. 

Wages 12s. 

Fire-resisting  materials Qs. 

Maintenance  and  General  Expenses 7s. 

It  has  already  been  stated  that  Belgian  ores  containing  much 
under  40  per  cent,  of  zinc  can  no  longer  be  treated  wdth  advantage 
in  retorts,  whilst  in  Upper  Silesia  calamine  with  11  to  12  per  cent, 
of  zinc  can  be  worked  in  muffles. 

As  the  outlay  for  coals  forms  the  chief  item  in  the  cost  of  zinc 
extraction,  zinc  works  should  as  a  rule  be  erected  in  the  neighbour- 
hood of  coal-mines,  and  the  ores  should  be  carried  to  the  coals,  not 
the  coals  to  the  ores.  For  1  part  by  weight  of  zinc  4  to  10  jjarts  by 
weight  of  coal  are  consumed. 

I.    The  Belgian  Method  of  Zinc  Distillation 

As  already  stated,  this  method  of  distillation  is  performed  in 
retorts  lying  at  a  flat  angle  of  inclination  and  heated  in  externally- 
fired  shaft  furnaces.  The  zinc  vapours  thus  formed  are  condensed  in 
conical  adapters  provided  with  nozzles. 

The  tubes  or  retorts  are  made  of  the  shapes  and  dimensions 
already  given  ;  quite  recently  the  walls  have  been  made  only  f  inch 
thick,  the  material  consisting  chiefly  of  silica  similar  to  Dinas  brick. 
At  La  Salle,  Illinois,  U.S.A.,  retorts  have  been  used  rectangular  in 
cross  section  and  of  large  dimensions,  which  have  to  resist  the  first 
^  Zinc  furnace  loith  common  condensing  chamber,  London,  1893 
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attack  of  the  flames,  the  firing  being  by  gas  ;  their  outside  dimensions 

are  5  feet  long,  20  inches  high,  and  9  inches  wide. 

The  material  of  which  the  retort  is    made    has    already    been 

referred  to.     The  mixtures   employed  at  the  different  works   vary 

greatly  and  depend  upon  the  contents  in  quartz  and  alumina  of  the 

various  materials  that  are  obtainable,  as  also  upon  the  nature  of  the 

gangue  of  the  ores.     In  many  works  finely  ground  coke  is  added  to 

the   materials  employed  in  order  to  make  the  retorts  firm,  smooth, 

and  impenetrable  to  zinc  vapours.     Retorts  made  from  material  rich 

in  quartz  are  glazed  for  the  same  purpose  with  a  glaze  consisting  of 

60  parts  of  loam,  30  parts  of  glass,  and  10  parts  of  soda.     If  the 

mixture  contains  too  great  a  quantity  of  raw  clay,  it  becomes  less 

fire-resisting ;  if  it  contains  too   much  burnt  clay,  it   is  difficult  to 

mould,  and  the  tubes  become  porous  and  brittle.     For  example,  the 

mixture  used  for  retorts  at  the  Engis  Works,  in  Belgium,  for  a  long 

time  consisted  of  30  parts  of  raw  clay,  27  parts  of  burnt  clay,  15  parts 

of  old  retorts,   18  parts  of  coke,  and  10  parts  of  sand.     Another 

mixture  used   in  Belgium  for  retorts    made    by    machinery  ^  is  as 

follows : — 

Parts  by  Volume. 

Coke 100 

Sand 300 

Old  Retorts 250 

Raw  Clay 350 

In  England,  at  Morriston,  the  mixture  for  retorts,  cooled  by  a 
<;urrent  of  air,  consists  of  1  volume  of  raw  Belgian  clay  from  Andenne, 
2  parts  of  burnt  Belgian  clay,  1  part  of  raw,  and  1  part  of  burnt 
Stourbridge  clay,  all  by  volume,  or  else  1  part  by  volume  each  raw 
and  burnt  Belgian  clay,  raw  English  clay,  fragments  of  old  retorts,  and 
Belgian  sand.  For  ordinary  retorts,  the  mixture  is  1  part  by  volume 
of  Belgian  clay,  1  part  of  English  clay,  3  parts  of  old  retorts,  or  1  part 
of  Belgian  clay,  1  of  English  clay,  1  of  burnt  Belgian  clay,  1  part  of 
old  retorts,  and  1  part  of  old  fire-bricks.  In  the  United  States  of 
North  America  equal  parts  of  fresh  and  burnt  clay  are  used.  The 
latter  may  consist  of  either  clay  freshly  burnt  or  of  the  fragments  of 
old  retorts.  A  mixture  of  quartzose  material  which  has  been  quite 
recently  employed  has  the  following  composition  :  one-third  clay 
from  Andenne  with  GO  to  70  per  cent,  of  silica,  one-third  sharp-edged 
sand,  and  one-third  burnt  clay.  The  mixture  contains  94  per  cent, 
of  silica. 

The  above  materials  are  first  crushed,  then  kneaded  together 
^  Knab,  Metallurrjie,  p.  431. 
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to  a  uniform  mass,  with  the  addition  of  7  to  8  per  cent,  of  water. 
•Crushing  is  performed  by  means  of  edge  runners,  Carr's  disintegrators 
or  Vapart's  disintegrators.  The  Latter  apparatus,  generally  used  in 
Belgium,  will  grind  from  3  to  3^  tons  per  hour.  If  the  grain  is  too 
coarse,  the  retorts  will  be  porous ;  if,  on  the  other  hand,  it  is  too  fine, 
the  retorts  readily  soften  in  the  fire.  The  clay  is  ground  to  a  fine 
flour,  whilst  burnt  clay  and  fragments  of  retorts  are  passed  through  a 
sieve  of  0"2  inch  mesh,  but  the  average  grain  of  the  whole  does  not, 
as  a  rule,  exceed  0'12  inch.  The  materials  are  kneaded  together  in  an 
ordinary  pug  mill,  and  only  exceptionally  by  hand.  After  kneading, 
the  mass  is  usually  allowed  to  lie  from  6  to  8  weeks  in  cellars 
to  make  it  more  plastic ;  it  is  then  cut  up  into  lumps.  The 
manufacture  of  retorts  may  be  performed  by  hand  or  by  machine, 
machines  being  mostly  employed,  hand  work  having  been  given 
up  at  present  at  most  works.  Retorts  when  made  by  hand  are  mostly 
made  by  means  of  sheet-iron  moulds,  which  consist  of  several  sec- 
tions :  each  section  consists  of  two  halves,  each  of  which  has  the  shape 
of  a  hollow  semi-cylinder.  The  two  faces  are  then  placed  together, 
when  they  form  a  cylinder,  and  are  kept  together  by  means  of  rings 
and  wedges.  Into  the  bottom  part  of  the  mould  a  disc  of  clay  is 
placed,  which  is  then  hollowed  by  means  of  a  stamper  to  form  the 
bottom  of  the  retort,  so  that  the  edges  of  the  disc  rise  up  to  form  the 
commencement  of  the  walls  of  the  cylinder.  The  portion  of  the  disc 
that  has  been  forced  up  is  now  beaten  against  the  wall  of  the  mould 
by  means  of  a  beater  and  then  scraped  and  smoothed  out  by  the  help 
of  a  sweep.  The  upper  edge  of  that  portion  of  the  retort  that  is  thus 
produced  is  then  scored  with  a  comb-shaped  board,  when  it  can  be 
lengthened  to  the  required  extent  by  the  addition  of  rings  of  clay. 
As  soon  as  these  rings  have  reached  a  certain  height,  the  cylinder 
thus  formed  is  surrounded  by  a  new  segment  of  the  mould.  The  clay 
is  once  again  beaten  against  the  wall  of  the  segment  that  has  been 
put  on,  and  is  again  bored  out  by  the  help  of  the  sweep.  The  upper 
edge  of  the  tube  thus  prolonged  is  again  scored,  and  the  previous 
process  is  repeated,  and  continued  until  the  retort  has  reached  the 
•desired  height.  A  small  ring  of  clay  is  then  placed  upon  the  top  edge 
and  pressed  inwards  in  order  to  strengthen  the  wall  of  the  retort  at 
this  point.  Finally  the  upper  edge  of  the  retort  is  cut  smooth.  It, 
together  with  the  inside  of  the  retort,  is  planished,  and  the  whole  is 
then  placed  in  a  well-ventilated  room.  A  workman  can  produce  from 
18  to  20  retorts  in  12  hours.  After  some  48  hours  the  various  seg- 
ments of  the  mould  are  removed  gradually  and  the  retort  is  then 
allowed  to  stand  for  another  three  weeks  until  it  is  completely  air- 
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dried.  It  is  then  dried  for  two  or  three  months  in  chambers  heated 
by  furnaces  or  stoves  to  a  temperature  of  25°  C.  at  first,  rising  ultimately 
to  70°  C.  The  longer  the  retorts  are  allowed  to  remain  in  these 
heated  drying  chambers,  the  better  do  they  stand  in  use.  Another 
method  of  manufacturing  retorts  by  hand  consists  in  placing  a  cylin- 
drical core  into  the  mould  and  stamj)ing  the  material  of  which  the 
retort  is  to  consist  into  the  ring-shaped  space  left  between  the  mould 
and  the  core. 

The  manufacture  of  retorts  by  machinery  is  performed  in  various 
ways.  The  older  method,  which  is  still  in  use  at  Angleur,  in  Belgium, 
consists  in  forcing  the  clay  wrapped  in  linen  into  a  vertical,  cylindrical, 
or  elliptical  wooden  mould  arranged  to  open,  and  then  boring  out,  by 
means  of  a  drilling  machine,  a  cylindrical  or  elliptical  hole  in  it.  The 
clay  is  stamped  in  by  means  of  a  hammer  moving  up  and  down.  After 
the  mould  has  been  filled  in  this  way  it  is  carried  with  its  contents  to 
the  boring  machine,  which  then  hollows  it  out.  The  mould  is  then 
opened,  and  the  retort  is  taken  out  and  carried  into  the  drying 
chamber,  where  its  linen  covering  is  removed,  and  where  the  inside  is 
smoothed.  At  Angleur  three  men  and  two  boys  can  make  140  retorts 
in  this  way  in  10  hours. 

A  second  method,  which  is  now  used  at  most  of  the  Belgian  zinc- 
works,  consists  in  first  moulding  the  clay  into  the  form  of  solid  cylin- 
ders, and  then  pressing  these  into  the  shape  of  retorts  by  hydraulic 
machinery.  By  these  means  the  bottom  of  the  retort  is  made  in  one 
piece  with  the  tube.  The  solid  cylinders  are  1  foot  8  inches  in 
diameter,  and  2  feet  in  length.  They  are  produced  by  pressing  lumps 
of  clay  into  cylindrical  or  elliptical  moulds,  the  bottom  of  which  is 
formed  by  a  hydraulic  piston.  After  the  clay  has  been  rammed  suffi- 
ciently firmly  into  the  mould  with  hammers,  it  is  forced  out  of 
the  mould  by  means  of  the  hydraulic  ram,  and  then,  by  means  of 
hydraulic  presses,  forced  into  the  shape  of  the  retort.  There  are 
various  forms  of  these  hydraulic  retort  machines  in  use.  One  of  them 
consists  of  a  vertical  cylinder  of  cast  steel,  the  interior  of  which  has 
the  shape  and  dimensions  of  the  exterior  of  the  retort.  Inside  it 
there  is  a  hollow  core  of  the  shape  and  size  of  the  interior  of  the 
retort  to  be  moulded.  A  lump  of  clay  is  first  thrown  into  the  cylinder 
to  form  the  bottom  of  the  retort.  The  upper  end  of  the  cylinder  is 
then  closed,  and  by  means  of  a  hydraulic  ram  a  pressure  of  from  150 
to  200  atmospheres  is  exerted  upon  the  clay  in  the  cylinder,  from 
beneath.  The  bottom  is  formed  by  pressing  the  clay  against  the 
cover  of  the  cylinder,  the  walls  by  the  clay  being  forced  into  the 
annular  space  between  the  cylinder  and  the  core  ;  the  pressure  is  kept 
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on  for  some  2  minutes.     After  this,  the  cover  of  the  cylinder  is  taken 
off,  and  the  retort  is  forced  out  of  the  mould  by  allowing  the  hydraulic 
cylinder  to  rise.     When  it  has  reached  the  desired  length,  the  retort 
is  cut  off  by  means  of  a  wire.     Another  form  of  moulding  machine 
consists  of  a  vertical  hollow  cylinder  of  cast  steel,  in  which  there  is  an 
annular  piston  which  fits  exactly  into  the  interior  thereof.     Inside  the 
annular  piston  there  is  a  cylindrical  core  of  the  shape  of  the  interior 
of  the  retort ;  both  pistons  work  from  below  upwards.     The  top  of  the 
cylinder  is  closed  by  a  heavy  cover  of  cast  steel.     To  make  a  retort,  a 
cylindrical  block  of  clay  of  the  requisite  size  is  introduced  into  the 
cylinder,  the  top  of  which  is  closed.     Both  pistons  are  at  first  pressed 
simultaneously  upwards  to  compress  the  clay ;  thereupon  the  inner 
cylinder  or  core  is  forced   into   the  clay,  whilst  the  annular  cylinder 
sinks  back.     By  this  movement  the  retort  receives  the  shape  required. 
After  it  has  been  formed,  the  upper  end  of  the  cylinder  is  opened, 
and  by  forcing  up  the  annular  cylinder  the  retort  is  pressed  out  of  the 
apparatus ;   here  also  the  pressure  amounts  to  150  to  200  atmospheres, 
and  is  applied  for  some  2  minutes.     A  machine  of  the  first  kind  is 
used,  for  example,  at  Ampsin  in  Belgium.     This  machine  will  make 
145  retorts  in  10  hours,  with  the  labour  of  4  men  per  shift.     Another 
man  is  required  for  moulding  the  clay  cylinders,  and  another  removes 
the  finished  retorts  into  the  drying-house.     A  machine  of  the  second 
class  is  in   use   at  the  Munsterbusch  Works,  near  Stolberg,  for  the 
manufacture  of  muffles  ;  145  to   150   muffles  are  there  produced  in 
10  hours,  three  men  being  required.     Retorts  manufactured  by  the 
aid  of  hydraulic  machinery  are  better  and  more  durable  than  those 
produced  by  hand,  especially  because  the  walls  are  denser,  so  that  the 
loss  of  zinc  has  become  considerably  less  since   they  have  come  into 
use.     Retorts  made  by  machinery  are  dried  in  the  same  way  as  those 
made  by  hand.     Before  the  retorts  are  introduced   into  a  furnace  in 
operation,  they  must  be  heated  for  a  time  in  a  kiln  to  prevent  their 
cracking  and  bending.     They  must  be  heated  up  to  a  red  heat  for  12 
to  24  hours,  and  must  be  turned  round  at  half  time. 

The  kilns,  in  which  the  retorts  are  heated  before  being  used,  are 
reverberatory  furnaces,  through  the  beds  of  which  pass  numerous  per- 
forations. The  retorts  are  placed  in  the  heating  chamber  above  this 
bed.  The  grate  is  either  below  the  perforated  bed,  so  that  the  flames 
pass  through  the  openings  in  the  latter  from  below  upwards,  or  else  it 
is  on  one  side,  and  the  flame  passes  over  a  fire-bridge  into  the  upper 
part  of  the  heating  chamber,  passing  through  the  latter  from  above 
downwards,  and  escaping  through  the  openings  in  the  hearth  into  the 
flues.     A  furnace  of  the  latter  kind,  which   is  said    to    have    done 
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exceedingly  good  work,  and  to  have  been  very  durable,  and  which  is 
preferred  in  England  to  kilns  of  the  first  kind,  is  shown  in  Figs.  60 
to  62.  A  is  the  heating  chamber,  7  feet  long,  4  feet  6  inches  wide,, 
and  5  feet  high  in  the  centre,  holding  some  25  retorts ;  a  is  the 
fire-place ;  the  grate,  4  feet  3  inches  long  and  12  inches  wide,  consists 
of  two  halves  inclined  towards  each  other;  h  is  the  fire-bridge  over 
Avhich  the  flame  passes  into  the  heating  chamber.  Tlie  flame  traverses- 
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Fig.  62. 


the  latter  from  above  downwards,  and  passes  through  the  apertures 
c,  4  inches  square,  in  the  bed,  into  the  flue  which  leads  the  products- 
of  combustion  into  the  stack. 


Adapters 

The  adapters.,  in  which  the  gaseous  zinc  condenses,  are  short 
conical  tubes  of  clay,  which  is,  however,  less  fire-resisting  than  the 
clay  of  the  retorts.  They  are  usually  composed  of  a  mixture  of 
equal  parts  of  raw  and  burnt  clay.  In  England  the  mixture  con- 
sists of  one  part  of  clay  from  Andenne,  one  part  of  Stourbridge  clay, 
and  four  parts  of  old  retorts  and  bricks.  The  mixture  is  either 
formed  into  sheets  and  turned  round  cores  and  then  beaten  firmly 
against  the  latter,  or  else  it  is  pressed  into  a  conical  metal  mould, 
into  which  a  core  is  forced.  The  piece  thus  made  is  carefully  dried, 
smoothed  inside,  and  finally  burned.  These  adapters  are  about  16 
inches  long,  6  inches  in  external  diameter  at  the  wide  end,  and 
3  inches  at  the  narrow  end.  A  workman  can  make  100  of  these  in 
a  day.  Before  being  used,  they  are  coated  with  milk  of  lime  in  order 
to  be  able  to  remove  without  difficulty  any  accretions  that  may  form 
in  them.  The  wide  end  of  the  adapter  fits  into  the  retort,  the  space 
between  the  two  being  filled  up  with  clay.  An  adapter  lasts  from 
8  to  10  days.  The  fragments  of  old  adapters  after  being  cleaned  can 
be  used  for  the  manufacture  of  firebricks  of  inferior  quality.  The 
mode  of  attaching  the  adapter,  and  its  position  with  respect  to  the  retort 
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are  seen  in  Fig.  63,  the  wide  end  of  the  adapter  being  luted  to  the 
retort  r ;  the  front  narrow  end  rests  upon  a  brick.  To  it  is  attached 
the  so-called  nozzle,  which  is  made  of  sheet-iron,  and  serves  to  catch 


any  particles  of  metal  that  may  be  carried  off  by  the  vapours ;  it  is 
secured  by  means  of  wires,  which  are  made  fast  to  the  front  wall  of 
the  furnace. 

Fibrnaces 

The  furnaces  employed  in  distillation  are,  as  already  mentioned,, 
shaft  furnaces  fired  externally.  The  retorts  are  disposed  in  them  in  a 
number  of  tiei'S  one  above  the  other,  so  that  the  greater  portion  of  their 
surface  shall  be  exposed  to  the  flame.  The  number  of  retorts  which 
a  furnace  will  take  varies,  according  to  the  dimensions  of  the  latter,, 
between  50  and  400.  For  example,  a  double  furnace  in  La  Salle,  in 
the  State  of  Illinois,  has  on  either  side  204  retorts,  or  408  altogether. 
At  Angleur  double  furnaces  carry  100  retorts  in  5  rows  of  20  each 
on  either  side,  those  at  Ampsin  50  in  5  rows  of  10  each  ;  at  Corphalie 
7  rows  of  10  each,  7  rows  of  12  each,  and  6  rows  of  10  each  on  either 
side  ;  at  Bleiberg  70  and  84  retorts  on  either  side.  In  order  to 
enable  the  furnace  to  hold  as  many  retorts  as  possible  they  have 
been  made  oval  in  cross  section,  or  the  front  of  the  furnace  has  been 
made  of  hexagonal  frames  of  cast  iron,  the  end  of  a  retort  fitting  into 
each  hexagon,  or  instead  of  the  hexagons  cast-iron  rings  have  also 
been  employed.  The  furnaces  are  either  single,  and  then  consist  of 
one  shaft-like  chamber  filled  with  retorts,  or  else  are  double,  in  which 
case  they  are  divided  by  a  vertical  partition  wall  into  two  shafts, 
each  of  which  carries  retorts.  With  respect  to  the  mode  of  firing, 
furnaces  are  divided  into  those  fired  by  means  of  grates,  those  fired 
by  grates  and  gas,  and  those  fired  by  means  of  gas.  By  a  suitable 
modification  of  grate  firing  (Wetherill  grates  and  modified  gas-firing), 
and   more  especially  by    the   introduction    of  gas    firing,  important 
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advantages  as  regards  the  consumption  of  fuel  and  economy  in  retorts 
have  been  attained,  and  the  distillation  has  been  rendered  in- 
dependent of  the  nature  of  the  fuel.  Unless,  therefore,  under 
exceptional  circumstances,  the  method  of  gas  firing  should  as  a  rule 
be  used  for  Belgian  furnaces.     We  have  accordingly  to  consider  : — 

1.  Furnaces  fired  by  grates. 

2.  Furnaces  fired  by  grates  and  by  gas. 

3.  Furnaces  fired  by  gas, 

1.  Furnaces  Fired  hy  Grates 

These  furnaces  are  either  single  or  double.  The  grates  are  either 
flat  or  step-grates.  When  long-flaming  coals  are  available,  the 
so-called  clinker  grate  is  used,  in  which  the  fresh  coals  are  thrown 
upon  a  bed  of  clinker,  and  the  air  which  enters  under  the  grate  is 
warmed  by  passage  through  this  bed.  The  clinker  is  removed 
through  the  interspaces  between  the  grate  bars,  and  falls  into  the 
ashpit.  A  clinker  grate  has  the  advantage,  as  compared  with 
ordinary  grates,  of  consuming  effectually  the  fuel,  of  heating  the 
air  used  for  combustion,  and  of  only  needing  the  removal  of  ashes 
at  longer  intervals  of  time,  as  also  of  affording  a  better  protection  to 
the  grates  against  the  fire.  For  leaner  coals  the  so-called  open  grate 
is  used  in  which  ashes  are  removed  from  above.  Anthracite  can  be 
burned  on  the  so-called  Wetherill  grates.  These  are  in  use  in 
Bergen  Port  and  in  Bethlehem  in  the  United  States.  The  grates 
consist  of  cast-iron  plates  1^  inches  thick,  which  are  pierced  by 
conical  holes.  These  holes  are  1  inch  wide  at  their  wide  end, 
0*4  inch  at  the  narrow  end.  There  are  100  holes  to  the  square 
foot.  The  plates  are  so  arranged  ujDon  cast-iron  bearers  that  the 
narrow  ends  of  the  holes  are  uppermost,  thus  preventing  them  from 
becoming  stopped  up.  Air  is  introduced  by  means  of  a  fan  blast  and 
conducted  by  means  of  a  flue  passing  underneath  the  floor  of  the 
works  into  the  closed  ashpit.  A  further  portion  of  air  is  heated  in 
the  lowest  retorts,  which  are  not  charged,  and  is  conducted  into  the 
fireplace.     By  this  means  7  tiers  of  retorts  can  be  heated. 

Single  Furnaces 

In  these  furnaces  11  to  12  retorts  are  allowed  to  every  35  cubic  feet 
of  furnace  capacity,  and  1  square  foot  of  grate  area  to  IG  to  20  cubic 
feet  of  furnace  capacity.  The  older  Belgian  furnace — the  so-called 
Li^ge  furnace — was  designed  in  1807  by  Abb6  Dony  in  Liege.     Its 
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arrangement,  as  it  was  erected  at  Moresnet,  is  shown  in  Figs.  64  and 
65.^  The  arched  furnace  shaft  is  10  feet  G  inches  high,  8  feet  wide, 
and  5  feet  deep.  It  contains  G9  retorts  in  9  tiers.  The  lowest  tier 
of  8  retorts,  which  lie  nearest  to  the  grate,  known  as  protectcurs,  or 
"cannons,"  is  not  charged.  Their  only  object  is  to  weaken  the  cutting 
action  of  the  flame  and  to  distribute  the  latter  uniformly  amongst  the 
other  retorts.  The  remaining  retorts  are  arranged  with  their  back  ends 
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upon  the  projections  v  of  the  back  wall,  and  with  their  front  ends, 
in  the  6  lower  rows,  resting  upon  tiles  {tfAqv.es),  s,  the  prolongation  of 
which  is  formed  by  plates  of  iron  ;  in  the  two  upper  rows  they  rest 
upon  plates  of  iron  only.  By  means  of  bricks  j^laced  on  edge  the 
whole  front  wall  of  the  furnace  is  divided  into  compartments,  which 
contain  in  the  topmost  row  one  retort  each,  whilst  in  the  lower  tiers 
they  contain  two  retorts  each.     R  is  the  grate,  M  the  fire  door,  ^Y  are 

1  Berg,  und  Hiitt.  ZUj.,  1859,  p.  405;  1860,  p.  3. 
VOL.  II.  I 
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the  tiues,  through  Avhich  the  products  of  combustion  escape  either 
into  the  stack  or  into  the  furnace  for  calcining  calamine,  JT  is  a 
chamber  in  which  the  residues  from  distillation  are  collected.  The 
arrangement  of  the  retorts  and  adapters  is  shown  in  Fig.  60.  At  the 
Morriston  Works  of  Vivian  and  Sons,  near  Swansea,  in  England,^  there 
were  in  1878  single  Belgian  furnaces  in  use,  the  larger  of  which  con- 


tained G  tiers  of  retorts,  IG  in  a  row  and  1  tier  with  16  blanks,  or  112 
retorts  altogether.  The  blank  retorts  or  "  cannons  "  were  constructed 
with  an  air  flue  in  their  lower  portion  in  order  to  cool  them,  as  shown 
in  Fig.  67.  Kacli  furnace  had  two  fireplaces  6  feet  long  by  9  inches  wide. 
Eacli'furnace  treated  two  charges  daily,  but  the  four  bottom  tiers  only 
treated  one  charge  each.  In  24  hours  27  cwts.  of  calamine  and 
blende,  containing  50  to  51  per  cent,  of  zinc,  and  15  cwt.  of  coal-dust, 

'  ?,orgnet,  Bcry.  iind  Hutt.  ZK.l-,  1S7S,  p.  3X8. 
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were  distilled,  the  product  being  11  to  ll.j  cwts.  of  zinc.  The  coal 
consumption  was  2  tons  to  1  ton  of  ore.  There  Avere  three  men  em- 
ployed on  each  shift.  Four  retorts  were  destroyed  in  every  2-i  hours. 
These  furnaces  were  not  satisfactory  as  regards  the  consumption  of 
fuel  and  the  working  costs,  and  were  far  surpassed  by  the  Cornwall 
furnace  employed  at  the  same  works,  designed  by  Alfred  Borgnet. 


Fig.  09. 


Instead  of  one  single  grate  running  parallel  to  the  longitudinal  axis  of 
the  furnace,  these  furnaces  possess  five  grates  at  right  angles  to  the 
axis,  inclined  parallel  to  the  direction  of  the  retorts,  and  capable  of 
being  fired  from  the  back  side  of  the  furnace.  In  consequence  of  this 
arrangement,  the  length  of  the  furnace  can  be  notably  increased. 
The  construction  of  these  furnaces  at  the   Morriston  Zinc  Works  is 
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shown  in  Figs.  68  and  Q9.  They  contain  120  retorts  in  6  horizontal 
tiers.  The  retorts  f7of  the  four  lower  rows,  the  so-called  cfomo?is,  have 
air  flues  as  shown  in  Fig.  67,  whilst  the  retorts  of  the  two  uppermost 
tiers  are  without  such  flues.     B  is  one  of  the  five  grates  24  inches  by 

6  inches  in  area.  The  products  of  combustion  pass  through  seventeen 
apertures  in  the  arch  of  the  furnace  into  the  main  flue  S,  and  from 
the  latter  into  a  stack  23  feet  in  height.  The  front  wall  is  composed 
of  11  cast-iron  pillars,  cast  in  one  piece,  each  of  which  is  4  inches 
broad,  and  has  walls  0'4  inch  thick.  The  interspaces  between  the 
walls  are  filled  with  fire-proof  material.  Cast-iron  plates  1  foot 
8  inches  long  slide  in  grooves  along  the  pillars,  and  upon  these  lie 
firebrick  tiles,  uj^on  which  the  front  portions  of  the  retorts  may  rest. 
The  length  of  the  furnace  between  the  outer  walls,  which  are  4  feet 
thick,  is  20   feet   6   inches,   the   width,  including  the   brickwork,   is 

7  feet,  the  height  from  the  grate  to  the  arch  is  14  feet,  the  height 
in  front  from  the  first  cast-iron  plate  to  the  spring  of  the  arch  is 
10  feet.  The  distance  between  the  cast-iron  plates  of  the  first  and 
second  tiers  amounts  to  20  inches,  of  the  third  and  fourth  tiers  to 

19  inches,  of  the  fifth  and  sixth  tiers  to  17  inches.     The  recesses  are 

20  inches  wide,  and  carry  two  retorts  each.  The  arch  consists  of 
alternate  layers  of  the  best  firebrick  and  Dinas  brick,  and  is  10  inches 
thick.  The  furnace  is  supported  upon  iron  rails.  It  is  capable  of 
treating  2  tons  2  cwts.  of  ore  containing  49  to  .50  per  cent,  of  zinc, 
mixed  with  one  ton  of  coal,  in  24  hours,  the  output  being  lof  to 
17  cwt.  of  zinc.  For  1  ton  of  ore  2  tons  of  fuel  and  1'6  retorts  are 
consumed.     There  are  three  men  on  the  shift. 

The  Belgo-Cornwall  furnace  ^  contains  four  tiers,  each  of  ten  oval 
cannons  or  dummy  retorts,  and  two  rows  of  nine  retorts  each,  or  108 
retorts  altogether.  The  grates  are  not  transversal,  but  longitudinal, 
there  being  two,  each  of  8  feet  6  inches  by  10  inches  area.  These 
furnaces  treat  in  24  hours  30  cwt.  of  ore  mixed  with  9  cwt.  of  coals, 
with  an  output  of  12|-  to  13  cwt.  of  zinc.  Each  ton  of  ore  requires 
the  consumption  of  42  cwts.  of  coals  as  fuel.  A  furnace  destroys  four 
retorts  per  day.  Compared  with  the  older  Liege  furnace  the  Corn- 
wall furnace  requires  less  labour  and  is  far  more  durable,  lasting  five 
to  six  years,  as  compared  with  twelve  to  fifteen  months.  On  the 
other  hand,  it  requires  more  coals  than  does  the  Liege  furnace,  due 
in  part  to  the  cooling  of  the  retorts.  The  Belgo-Cornwall  furnace 
requires,  on  the  other  hand,  more  labour,  but  consumes  fewer  retorts 
than  does  the  Cornwall  furnace.  It  is  somewhat  inferior  to  the  latter, 
but  far  superior  to  the  old  Liege  furnace.  A  furnace  with  gas 
1  Berg,  und  Hiitt.  Ztg.,  1878,  p.  387. 
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Fig.  70. 


firing,  on  the  Siemens  principle,  has  been  patented  by  the  Actiengesell- 
schaft  fiir  Glas-industrie,  formerly  Fx'ederick  Siemens',  of  Dresden. ^^ 
It  is  not  known  whether  this  furnace  has  ever  come  into  use. 

1  D.  R.  Patent,  No.  50,917,  September,  1889. 
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Fig.  71. 


Fig.  72. 

1  Massart,  Rev.   Univers.   des  Mines, 
Dtulsch.  Ing.,  vol.  xvi.,  pp.  10,  165. 


Doiihlc  Furnaces 

As   an    example    of  the 
double    furnace    with   grate 
fire,  the  furnace  which  was 
in  use  in  the  year  1871  at 
the  works  of  the  -Nouvelle 
Montague,  at  Pray  on,    may 
be  described.     Its  construc- 
tion is    shown  in    Figs.  70 
to  72.1     In  these    F  is  the 
vertical  wall  which  divides 
the  furnace  into  two  parts. 
It  also  serves  to  support  the 
rear  ends  of  the  retorts,  the 
front    ends    of    which    are 
carried  by  slabs  in  the  same 
way    as   in  the    single  fur- 
nace. .    Each    half   contains 
46  retorts  in   six  tiers,  the 
lower  5   rows  consisting  of 
8  retorts  each,   whilst  "the 
upper  one  contains  only  6. 
F  is  the  fire-place  with  flat 
grate,   the    arch    of    which 
carries  the  above  mentioned 
dividing   wall.     Above   the 
arch  there  is  an  air  flue  for 
the  purpose  of  cooling  the 
brick  work.     On  either  side 
of  the  arch  there  are  slots  t 
at    given    distances    apart, 
through    which    the    flame 
enters  both  divisions  of  the 
furnace.     In   each    division 
there    are    two    flues    ■::,   in 
the    arch    of    the    furnace, 
through  which  the  products 
of     combustion     pass    into 
stacks  E,  23  feet  in  height. 


ISTl,  vol.   xxix.,  p. 
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The  residues  after  distillation  are  discharged  through  the  flue  /  iato 
the  vault  W,  and  removed  by  means  of  the  arched  gallery  R  running 
beneath  the  grate. 

2. — Furnaces  Fired  hij  both  GrcUcs  and  Gas 

Hauzeur  has  designed  a  peculiar  form  of  double  furnace,  fired 
both  direct  and  by  means  of  gas,  which  has  been  used  with  much 
advantage  in  Belgium  and  Spain.^  The  retorts  of  one  division  are 
heated  by  means  of  direct  firing.  The  products  of  combustion,  mixed 
with   unburnt  gases,  escape  at  the  upper  end  of  this  division  and 
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Figs.  73—75. 


enter  the  second  division,  which  they  traverse  from  above  downwards  ; 
in  the  second  division  the  unburnt  gases  are  completely  burnt  by  the 
introduction  of  heated  air.  The  construction  of  this  furnace,  which 
thus  presents  a  combination  of  grate  and  gas-firing,  is  shown  in 
Figs.  73  to  75;-  iV  is  the  grate,  upon  which  the' fuel  is  only  partly 
burnt  by  the  introduction  of  a  limited  amount  of  air.  The  fiame 
and  unconsumed  gas  traverse  the  first  division  L,  and  then  enter  the 
second  division  Fi,  in  which  the  unburnt  gases  are  completely  burnt. 
The  air  required  for  this  pur^Dose  enters  the  second  division  by  means 
of  flues_i>,  B,  in  the  walls  of  the  furnace,  passes  out  of  these  into  the 

_  ■   1  D.  R.  Patent,  No.  3,729,  September  15,  1877. 

-  Spirek,  Oesterr.  Zt-^rhr.,  1881,  p.  33-5;  Dingier,  235,  221. 
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chamber  C,  thence  passes  through  the  horizontal  flues  D  into  the 
flue  E  in  the  central  wall,  escaping  finally  in  a  heated  state  through 
the  horizontal  apertures  /  into  the  upper  part  of  the  shaft  i?,  where 
the  unconsumed  gases  are  completely  burnt.  The  products  of  com- 
bustion descend  in  this  shaft,  escaping  through  the  flue  G  into  the 
stack.  On  their  way  they  give  off  a  considerable  portion  of  their 
heat  to  the  brick  work  surrounding  the  air  flues. 

8. — CkiH-fircd  Furnaces 

These  furnaces  are  heated  entirely  by  means  of  producer  gas. 
They  have  the  advantage,  as  compared  with  direct  fired  furnaces, 
of  being  independent  of  the  nature  of  the  fuel,  of  consuming  less 
fuel  and  fewer  retorts,  and  of  extracting  more  zinc.  The  diminished 
consumption  of  retorts  depends  not  only  upon  the  uniform  tempera- 
ture obtained  by  means  of  gas-firing,  but  also  upon  the  existence  of 
a  slight  plenum  of  pressure  in  the  furnace,  which  prevents  cold  air 
from  entering  it,  whereas  in  a  grate-fired  furnace  cold  air  enters  the 
latter  whenever  fresh  fuel  is  charged.  In  consequence  of  these  con- 
ditions, the  retorts  are  less  aj)t  to  crack,  and  last  longer.  For  the 
same  reason  the  output  of  zinc  is  higher,  because  less  zinc  vapours 
escape  from  the  retorts  into  the  furnace.  The  air  used  for  burning 
the  gas  should,  as  a  rule,  be  heated.  Gas  furnaces  with  and  without 
regenerators  are  employed.  Furnaces  with  regenerators,  although 
they  consume  less  fuel  and  attain  higher  temperatures  than  the 
others,  have  been  employed  in  but  few  cases,  because  their  first  cost 
is  high,  because  the  regenerator  flues  are  easily  choked  by  zinc 
oxide,  and  therefore  require  constant  cleaning,  because  the  tempera- 
ture is  not  so  easily  kept  at  a  uniform  heat  in  the  lofty  Belgian 
furnaces  as  it  is  in  the  broad,  but  low  Silesian  furnaces,  and  because 
in  consequence  thereof  the  retorts  are  apt  to  be  over-heated  and  zinc 
to  be  lost  on  account  of  the  difficulty  experienced  in  condensing  the 
zinc  vapours.  In  the  case  of  the  low  and  broad  Silesian  furnaces 
witli  large  muflles,  gasfiring  with  regenerators  has  given  good  results. 

Gas-fired  Furnaces  ivithout  Regenerators 

These  furnaces  have  been  used  at  Moresnet,  in  Belgium,  and  in 
the  United  States  of  North  America.  At  Moresnet,  generators  with 
step  grates  as  well  asGrobe-Llirmann  producers  have  been  employed.^ 
The  latter  form  of  producer  has  given  results  inferior  to  those  obtained 

^  Allgem.  Huttenhincle,^.  213;   Wochenschr.  d.  Vcr.  Dcutsch.  Iiij.,  1877,  p.  14. 
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by  the  step  grates.  Two  furnaces  were  united  to  form  one  block,  but 
each  furnace  was  provided  with  a  separate  producer.  Tlie  two 
furnaces  were  not  built  directly  back  to  back,  but  a  flue  into  which 
the  products  of  combustion  escaped,  separated  them.  The  gases 
entered  the  furnace  from  the  producers,  when  they  came  into  contact 
with  hot  air  heated  in  the  bottommost  row  of  the  retorts,  and  were 
thus  burnt.  They  ascended  iu  the  furnace  and  escaped  from  the 
upper  end  thereof  into  the  above-mentioned  vertical  flue,  through 
which  they  made  their  way  downwards  towards  the  stack.  The 
furnaces  used  in  the  neighbourhood  of  Liege  ^  are  broader  than  they 
are  high.  They  are  built  in  pairs  back  to  back,  each  separate  furnace 
being  provided  with  two  gas-producers.  The  air  is  heated  and  is 
caused  to  enter  the  furnace  at  various  places  in  order  to  heat  the 
latter  as  uniformly  as  possible.  Loiseau  -  passes  producer-gas  through 
a  series  of  chambers  leading  one  into  the  other  and  filled  with 
retorts.  Into  the  first  heating  chamber  he  admits  cold  air, 
into  the  following  ones  hot  air,  the  temperature  of  which  is  gradually 
raised  in  proportion  as  the  amount  of  combustible  gases  in  the 
current  diminishes.  The  object  of  this  arrangement  is  to  attain  as 
uniform  a  temperature  as  possible  in  all  portions  of  the  furnace,  so  that 
loss  of  zinc,  due  to  alternations  of  temperature,  may  be  avoided. 

The  construction  of  the  older  type  of  gas-fired  furnace  at  the 
Matthiesen-Hegeler  Zinc  Works,  at  La  Salle,  is  shown  in  Figs.  76 
and  77.  The  furnaces  are  double  furnaces  into  which  the  gases 
enter  from  above.  The  toj)most  tier  contains  36  retorts.  These  are 
4  feet  3  inches  long,  20  inches  high,  and  8  inches  broad  in  the  clear ; 
below  these  there  are  four  tiers  of  42  retorts  each,  the  length  and 
diameter  of  which  decrease  from  above  downwards.  Each  side  of  the 
double  furnace  accordingly  contains  168  retorts,  not  counting  those 
in  the  topmost  tier.  The  gases  are  generated  in  producers  provided 
with  step  grates,  not  shown  in  the  illustration.  Passing  into  the 
horizontal  flues  h,  they  enter  the  vertical  flues  c,  on  either  side  of  the 
furnace,  and  escape  through  the  upper  end  of  the  latter  through  the 
slots  d  into  the  upper  portion  of  the  furnace.  They  are  here  burnt 
by  means  of  a  blast  of  air  which  enters  the  furnace  through  the  blast 
main  G,  g  by  the  tubes  /  and  the  slots  c.  The  flame  thus  produced 
traverses  the  furnace  from  above  downwards.  The  products  of  com- 
bustion escape  through  i  into  the  flues  h,  I,  to  the  stack.  A  portion 
of  the  heat  of  these  gases  penetrates  through  the  walls  of  the  flue  1), 
and  thus  warms  the  gases  entering  the  furnace. 

^   Wochenschr.  d.  Ver.  Deiitsch.,  Iikj.,  No.  44. 
'^  Berg,  und  Hiitt.  Ztg.,  1879,  p.  171. 
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The  modern  furnaces  at  the  above-named  works  ^  consist  of 
a  row  of  lieating  chambers  communicating  with  each  other,  which 
are  traversed  in  turn  by  the  stream  of  gas,  and  are  furnished  with 
apertures  for  the  introduction  of  hot  air.  Eacii  pair  of  furnaces 
have  a  back  wall  in  common,  and  are  united  to  form  a  block.  There 
are  4  to  G  tiers  of  retorts  in  each  furnace,  each  row  consisting  of  56 
to  72  retorts.  The  largest  block  of  two  furnaces  contains  876 
retorts. 

A  gas-fired  furnace  has  been  designed  by  Thum  for  the  treatment 
in  retorts  of  zinc  ores  rich  in  lead,  which  does  not,  however,  seem  to 
have  proved  satisfactory  in  practice.     The  retorts  of  these  furnaces, 
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Fig.  76. 


shown  in  Fig.  78,  lie  at  a  steep  angle  and  are  open  at  both  ends.- 
They  are  charged  from  below  and  closed  at  their  bottom  end  by  a  clay 
plug.  The  lead  collects  in  the  bottom  portions  of  the  tubes  C,  whilst 
the  zinc  vapours  escape  at  the  upper  ends  and  are  there  condensed 
by  means  of  suitable  adapters.  The  gases  generated  in  the  producers 
enter  the  furnace  through  the  flue  V  by  means  of  a  slot  y,  and 
here  mix    with    air  entering  through   the  slots  x\    the  products  of 


1  1).  R.  Patent,  No.  10,009,  October  19,  1879. 

2  Stolzel,  MetaUnrijk,  p.  799  ;  Berg,  iiml  Hiitt.  Zt<i.,  1S7."),  p.  1. 
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combustion  escape  throuefh  the  flue  -:  into  the  flue  t,  whilst  the  air 
entering  through  the  flues  r  is  heated  by  the  gases  escaping  through 
tiie  former 


Fig.  7S. 
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Fig.  77. 


Gas-Jlred  Furnaces  with  Bcgencrators 

Tlie  only  furnaces  of  this  kind  that  have  up  to  the  present  come 
into  use  are  furnaces  on  the  Siemens  principle.  On  account  of  the 
comparatively  small  diameter  of  the  retorts,  these  furnaces  produce 
higher  temperatures  than  are  required  for  the  distillation  of  zinc, 
and  have  therefore  only  come  into  use  in  exceptional  instances.  The 
construction  of  a  Belgian  furnace  on  the  Siemens  principle  is  shown 
in  Figs.  79  and  80.  The  furnace  is  double ;  r,  r  are  the  retorts,  W, 
TV  the  regenerators.  The  external  pair  of  regenerators  are  gas 
regenerators,  the  inner  ones  air  regenerators.  The  gas  and  air  mix 
in  the  chambers  F,  the  burning  gases  ascend  one  shaft,  descend 
through  the  other,  and  traverse  the  regenerators  lying  below  the 
latter  on  their  way  to  the  stack.  After  a  certain  interval — about 
half  an  hour — the  direction  of  the  air  and  gas  currents  is  reversed. 
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The  burnirjof  gases  then  ascend  in  the  second  shaft  and  descend  in 
the  first,  escaping  to  the  stack  through  the  second  pair  of  regenerators. 
The  gas  current  is  reversed  by  the  valve'?/;  (Fig.  80),  which  alter- 
nately connects  the  entering  gases  with  one  of  the  gas  flues  x  and  the 
products   of  combustion  with   the  flue  ;:   leading  to  the  stack.     A 

similar  reversing  valve, 
not  shown  in  the 
figure,  serves  to  re- 
verse the  air  current 
as  required.  Such  a 
furnace  with  120  re- 
torts on  either  side,  10 
tiers  of  which  are 
charged  and  1  blank, 
is  in  use  at  the  works 
of  the  Illinois  Zinc 
Company  at  Peru, 
near  La  Salle. 


Mixing  the  Charge 

As  already  stated, 
the  ores,  when  various 
kinds  are  on  hand,  are 
so  combined  that  the 
impurities  thereof 
unite  to  form  com- 
pounds which  shall 
neitlier  melt  nor  form 
fusible  compounds  with 
the  material  of  the  re- 
torts at  the  tempera- 
I'l'.  sii.  ture     of    distillation, 

whilst  a  moderately 
high  output  of  metal  shall  result.  Silicate  of  zinc  needs  no 
additions,  because  when  finely  ground  it  is  reducible  by  coal 
alone.  Blende,  silicate  of  zinc,  and  zinc-bearing  residues  are 
charged  in  the  form  of  fine  powder;  calamine,  on  the  other  hand, 
which  is  easily  reducible,  in  coarser  grains.  According  to  their  zinc 
contents,  these  ores  are  mixed  with  from  40  to  CO  per  cent,  of  their 
weight  of  lean  coals,  or  small  coke,  or  a  mixture  of  equal  portions  of 
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coal  and  coke.  Gassy  coal  should  be  avoided,  because  some  heat  is 
absorbed  in  driving  off  the  gas,  and  because  the  gases  evolved  dilute 
the  zinc  vapours,  and  thus  make  the  condensation  of  zinc  more 
difficult.  Blende  being  more  difficultly  reducible  than  calamine, 
requires  a  larger  admixture  of  coal.  The  ground  materials  are 
either  mixed  in  troughs,  or  else  in  pug  mills,  or  by  means  of  rollers,  in 
which  last  case,  as  in  North  America,  the  mixture  is  crushed  a 
second  time.  The  charge  is  slightly  moistened  to  prevent  its  being 
blown  out  from  the  retorts  by  the  gases  evolved  at  the  commence- 
ment of  distillation.  Binon  and  Grandfils  prefer  to  mix  the  charge 
with  tar  and  press  it  into  blocks  before  introducing  it  into  the 
retorts. 

The  Process  of  Distillation 

When  a  furnace  is  to  be  started,  it  is  gently  fired  for  some  days 
with  empty  retorts  ;  afterwards  the  retorts  are  charged,  and  the  heat 
gradually  increased.  The  first  charges  are  light,  and  are  gradually 
increased,  until  at  the  end  of  !•!  days  the  normal  rate  of  working 
has  been  attained.  The  charges  are  introduced  into  the  retorts,  after 
the  adapters  have  been  removed,  by  means  of  a  scoop  shaped  like  a 
semi-cylinder  attached  to  the  end  of  a  long  rod.  The  retorts  which 
are  exposed  to  the  greatest  heat  receive  heavier  charges  than  those 
less  strongly  heated.  The  latter  are  charged  with  easibly  reducible 
substances  such  as  zinc  fume  and  zinc-bearing  residues,  as  also  with 
poor  ores  that  sinter  readily.  In  modern  furnaces  the  average  charge 
of  a  retort  amounts  to  63  lbs.  of  ore.  After  the  retorts  have  been 
charged,  the  adapters  with  their  supports  are  attached  and  the 
space  between  the  adapter  and  retort  is  luted  with  clay.  Some  time 
after  the  retorts  have  been  charged,  a  flame  of  burning  carbon  mon- 
oxide  escapes  from  the  adapters,  which  shows  after  some  time  the 
brilliant  light  of  burning  zinc  vapours.  As  soon  as  this  phenomenon 
is  perceived,  nozzles  are  attached  to  the  adapters  in  order  to  avoid 
loss  of  zinc.  Although  the  adapters  rapidly  attain  the  necessary 
temperature,  no  fluid  zinc  condenses  in  them  at  first,  zinc  oxide 
being  formed  in  consequence  of  the  carbon  dioxide  and  water 
vapour  present  in  the  gases.  Moreover,  on  account  of  their  great 
dilution  the  vapours  of  zinc  do  not  condense  to  a  liquid,  but  form 
fume.  It  is  only  after  the  above-named  gases  have  disappeared  that 
the  zinc  vapours  begin  to  condense  to  liquid  zinc.  If  the  furnace  works 
too  hot,  whereby  the  formation  of  considerable  quantities  of  zinc  fume 
in  the  nozzles  is  caused,  due  to  imperfect  condensation  of  vapours  in 
the  adapters,  a  few  small  holes  are  made  in  the  clay  luting.     The  zinc 
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condensed  in  the  adapters  is  removed  either  several  times  during  the 
process,  or  only  once  after  its  completion.  In  this  case  the  nozzles 
are  removed  from  the  adapters  and  the  zinc  is  drawn  by  means  of  a 
rake  out  of  the  adapters  into  ladles  held  beneath  them,  from  which 
it  is  cast  in  iron  moulds  into  slabs  weighing  40  to  44  lbs.,  the  surface 
of  the  zinc  being  first  skimmed.  The  time  of  distillation  depends 
upon  the  size  of  the  retorts  and  of  the  furnaces,  upon  the  position  of 
the  retorts  in  the  latter,  and  also  upon  the  reducibility  of  the  charge, 
and  averages  between  12  and  24  hours.  After  its  conclusion,  the 
adapters  are  removed  and  the  residues  remaining  in  the  retorts  are 
drawn  out  by  means  of  suitable  rakes.  After  any  accretions  have 
been  removed,  the  retorts  are  charged  again.  Damaged  retorts  are 
changed  after  the  conclusion  of  the  distillation.  The  time  occupied 
in  charging,  clearing  the  retorts,  repairing  the  latter,  and  replacing 
damaged  retorts,  depends  upon  the  size  of  the  furnace  and  the 
number  of  retorts  it  contains. 

The  same  conditions  control  the  number  of  men  required  at  the 
furnace.  For  modern  Belgian  furnaces,  the  retorts  of  which  contain 
on  an  average  63  lbs.  of  ore,  one  man  is  reckoned  to  every  14  retorts 
per  24  hours.  The  extraction  of  1  ton  of  zinc  from  ores  containing 
50  per  cent,  of  metal  requires  5*8  men  per  24  hours.  The  charge  of 
a  furnace  depends  upon  the  number  of  retorts  in  it,  and  varies  be- 
tween 8  cwts.  and  several  tons  of  ore.  The  consumption  of  fuel 
varies  with  the  quality  of  the  coal  and  the  method  of  firing,  between 
11  and  2  tons  for  each  ton  of  ore.  The  durability  of  the  retorts  de- 
pends upon  the  quality  of  the  materials  employed  and  upon  the 
method  of  manufacture.  Modern  retorts  made  by  hydraulic  pressure 
last  at  present  upon  an  average  40  days.  The  loss  of  zinc,  which  was 
formerly  up  to  27  per  cent,  of  the  contents  of  the  ore,  varies  with 
modern  furnaces  between  10  and  15  per  cent. 

Examjples  of  Zinc  Extraction  in  Retort  Furnaces 

The  commercial  results  attained  with  modern  furnaces  fi.red  by 
gas  are  far  more  favourable  than  in  the  case  of  the  older  furnaces. 
For  the  production  of  1  ton  of  zinc  from  ores  containing  50  per 
cent,  of  metal,  3  to  4  tons  of  coal  for  heating  and  reduction,  and 
4  cwts.  of  clay  are  retjuired,  2-5  per  cent,  of  the  retorts  being  de- 
stroyed daily.  With  the  oldest  furnaces  7  to  8  tons  of  coals  were 
consumed  for  each  ton  of  zinc. 

The  double  furnaces  at  the  works  of  the  Vieille  Montague  Com- 
pany at   Angleur,  contain    100  retorts   on   either  side,  a  block  of 
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furnaces  containing  400  retorts.  They  are  fired  by  means  of  gas  and 
hot  air.  Each  retort  receives  a  charge  of  6G  lbs.  of  ore  and  26'5  lbs. 
of  coal,  and  produces  in  24  hours  from  2G  to  33  lbs.  of  zinc,  together 
with  a  certain  quantity  of  zinc  fume.  For  the  extraction  of  1  ton  of 
zinc  3'.")  to  4"5  tons  of  coal  are  consumed  for  fuel  and  reduction.  The 
loss  of  metal  amounts  to  15  per  cent. ;  the  retorts  last  from  a  fort- 
night to  four  months,  according  to  their  position  in  the  furnace  and 
the  care  used  in  their  manufacture.  A  furnace  lasts  two  to  three 
years.^ 

Of  the  older  types  of  furnace,  the  Liege  furnace  with  70  retorts 
fired  by  means  of  a  grate,  and  the  grate-fired  double  furnaces  with 
92  retorts  of  the  Nouvelle  Montague,  at  Prayon,  may  be  mentioned, 
the  results  quoted  having  been  obtained  in  the  seventies.  The 
Liege  furnace  was  5  feet  deep,  8  feet  6  inches  broad,  and  9  feet  10 
inches  high,  and  contained  70  retorts  each  8  feet  3  inches  longf,  with 
9 1  inches  outside,  and  7 J  inches  inside  diameter,  and  treated  in  24 
hours  26  cwts.  of  charge  with  a  consumption  of  14  cwts.  of  coal  for 
reduction  and  2  tons  of  coal  for  fuel,  the  ores  containing  47  to  48  per 
cent,  of  zinc.  The  output  of  a  furnace  per  24  hours  amounted  to  9  J 
to  9^  cwts.  of  zinc  ;  the  loss  of  zinc,  including  that  left  in  the  resi- 
dues, amounted  to  IS  per  cent.  Residues  containing  more  than 
6  per  cent,  of  zinc  were  concentrated  by  dressing,  and  then  treated 
either  in  the  upper  retorts  of  a  Belgian  furnace  for  the  extraction  of 
zinc,  or  in  a  reverberatory  furnace  for  the  production  of  zinc  white. 
The  already  described  double  furnace  of  the  Nouvelle  Montagne 
Company,  at  Prayon,-  with  92  retorts,  was  charged  with  8  cwts.  of 
ore  (calamine  and  blende)  containing  40'32  per  cent,  of  zinc,  160  lbs. 
of  rich  residues  from  the  zinc  works,  such  as  zinc  fume  and  skim- 
mings, and  366  lbs.  of  coal  for  the  reduction,  during  the  day  shift. 
On  the  night  shift  the  furnace  worked  hotter  and  was  charged  with 
10  cwts.  of  ore.     The  charge  was  distributed  as  follows: — 

lbs.  of  Ore.  lbs.  of  Coal.  lbs.  of  Residues. 

Retorts  of  the  bottom  tier 24^  65 

Retorts  of  the  third  tier STi  6 

Retorts  of  the  fourth  tier 16j  8  6i 

Retorts  of  the  sixth  tier 11  11  1 T 

Charging  the  retorts  occupied  8^  hours.  The  residues  left  after 
distillation  in  the  upper  retorts  contained  on  an  average  9"  15  per 
cent,  of  zinc,  those  in  the  middle  tiers  4*67  per  cent,  of  zinc,  and 
those  in  the  lower  tiers  2*28  per  cent.  The  loss  of  zinc  amounted  to 
11'28  per  cent.     The  retorts  in  the  topmost  row   lasted  for  90  days, 

1  Bull,  de  la  Soc.  de  I'lndustrk  Min.,  18S8,  p.  505.  -  Massart,  loc.  cit. 
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those  in  the  bottom  row  only  for  6  days.  The  furnace  campaign 
lasted  150  to  1(S0  days.  As  will  be  seen,  these  older  retort  furnaces 
fired  by  means  of  grates,  were  markedly  inferior  to  the  modern 
furnace  both  as  regards  their  durability  and  capacity,  and  have  been 
to  a  great  extent  replaced  by  the  latter.  The  larger  furnaces,  fired  by 
gas,  should  therefore  be  preferred  as  a  rule  to  the  smaller  grate-fired 
furnaces. 

The  zinc  works  in  the  Eastern  States  of  North  America  (Bergen 
Port,  Passaic  Works,  Newark  and  Bethlehem)  employ  Belgian  fur- 
naces with  Wetherill  grates  burning  anthracite.^  The  following  is  an 
account  of  the  process  as  practised  there  towards  the  end  of  the 
seventies.  At  the  Bergen  Port  Zinc  Works,  New  Jersey,  where 
calcined  blende  containing  26  per  cent,  of  oxide  of  iron  was  treated, 
the  furnace  contained  70  retorts.  Each  furnace  could  put  through 
3,175  pounds  of  calcined  blende  "svith  1,900  pounds  of  anthracite  for 
reduction,  in  24  hours,  with  a  consumption  of  2i-  tons  of  anthracite 
for  fuel.  The  loss  of  zinc  varied  from  24  to  26  per  cent.  The  two 
topmost  tiers  of  retorts  were  only  charged  once  in  24  hours,  the  five 
lower  tiers  twice.  The  condensed  zinc  was  removed  six  times  in  24 
hours  from  the  adapters.  The  consumption  of  coal  per  ton  of  zinc 
amounted  to  5 "5  tons  for  heating  and  1'9  for  reduction,  or  altogether 
7'4  tons.  Every  24  hours  five  retorts  were  destroyed  per  furnace,  or 
7"1  per  cent.  The  reason  of  the  comparatively  great  consumption  of 
fuel  and  of  retorts,  together  with  the  high  loss  of  zinc,  was  caused  by 
the  large  percentage  of  iron  in  the  charge.  The  furnace  campaigns 
lasted  about  a  year. 

At  tiie  Passaic  Zinc  Works,  in  Jersey  City,  the  furnaces  also 
contain  70  retorts  each.  The  charge  for  the  furnace  consists  of 
27  cwts.  of  a  mixture  of  willemite  and  calamine.  The  three  lower 
rows  are  charged  twice  in  24  hours,  the  remaining  ones  only  once. 
In  24  hours  10  cwts.  of  zinc  are  produced,  with  a  consumption  of 
21  tons  of  coal  for  fuel.  The  extraction  of  zinc  amounts  to  80  per 
cent,  of  the  contents  of  the  ore.  One  ton  of  zinc  requires  4o  tons  of 
coal  for  fuel  and  1"3  tons  for  reduction,  or  a  total  of  5"8  tons.  In  24 
hours  6'4  per  cent,  of  the  number  of  retorts  in  the  furnace  was 
destroyed.     A  furnace  campaign  lasts  two  years. 

At  the  Lehigh  Zinc  Works,  near  Bethlehem,  Penn.sylvania,  the 
furnaces  contain  56  retorts,  and  hold  a  charge  of  one  ton  of  ore,  con- 
sisting of  a  mixture  of  calamine  and  blende.  The  topmost  row  of 
retorts,  containing  zinc  fume  and  skimmings,  is  only  charged  once  in 
24  hours,  the  six  lower  rows  twice.     For  one  ton  of  ore   1'8  tons 

»  Strecker,  Jahrb.  d.  K.  K.  Btrgak.,  1879,  p.  282. 
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of  coal  are  consumed  as  fuel.  The  production  of  zinc  amounts 
to  73*5  per  cent.  For  each  ton  of  zinc  4*5  tons  of  coal  as  fuel  and  1'7 
tons  of  coal  for  reduction,  or  a  total  of  6'2  tons  of  coal  are  required  ; 
3'7  per  cent,  of  retorts  are  destroyed  daily.  The  furnace  campaigns 
last  for  15  months.'^ 

At  the  Bertha  Works,  near  Pulaski  in  the  State  of  Virginia,^ 
which  produce  zinc  well  known  for  its  purity  and  freedom  from  lead 
(Zn  99'981  per  cent.,  Fe  0"019  per  cent.),  the  ore  treated  being  cala- 
mine free  from  lead,  there  are  10  modified  Belgian  furnaces  fired  by 
grates,  each  of  which  contains  140  retorts,  of  oval  cross-section, 
having  a  length  of  4  feet,  the  larger  diameter  being  10  inches  and 
the  smaller  being  8  inches  in  the  clear.  Long-flamed  Pocahontas 
coal  is  used  as  fuel,  anthracitic  coal  for  the  purpose  of  reduction. 
The  charge  of  a  furnace  consists  of  425  tons  of  calcined  ore  and 
3  tons  of  coal.  The  distillation  occupies  24  hours,  the  output  of  zinc 
being  80  per  cent.     Five  men  work  a  furnace  in  24-hour  shifts. 

At  the  works  of  the  Matthiesen  and  Hegeler  Manufacturing 
Company  at  La  Salle,^  there  were  towards  the  end  of  the  seventies 
two  forms  of  gas-fired  furnaces,  namely,  small  double  furnaces  with 
136  retorts,  and  a  large  double  furnace  with  408  retorts.  The 
producers  were  provided  with  oblique  grates  built  of  fire-brick.  The 
bricks  were  supported  upon  cast-iron  bearers,  the  necessary  space  for 
the  admission  of  air  being  left  between  them.  This  arrangement  is 
necessitated  by  the  fact  that  the  only  available  coal  is  very  apt  to  clinker. 
There  were  five  tiers  of  retorts  in  all  the  furnaces.  The  uppermost 
row  consisted  of  the  retorts  with  rectangular  cross-section  described  on 
page  105,  which  take  a  charge  two  or  three  times  as  great  as  that  of 
the  regular  retorts.  The  furnaces  were  divided  into  sections,  which 
contain  4  tiers  of  7  cylindrical  retorts,  and  1  row  of  6  prismatic  retorts 
each.  The  smaller  furnaces  have  two  of  these  divisions  on  either  side, 
the  larger  six  ;  the  topmost  row  against  which  the  flame  strikes  was 
first  charged  with  blende,  the  second  and  third  with  calamine,  and 
the  lowest  with  zinc  fume  and  residues  rich  in  zinc.  The  output  of 
the  large  double  furnaces  amounts  to  5  to  6  tons  of  zinc  per  24  hours. 
The  loss  of  zinc  is  18  per  cent. ;  the  destruction  of  retorts  amounts  to 
25  per  cent.  At  present  the  largest  double  furnace  contains  876 
retorts. 

The  gas-fired  furnaces  of  the  Missouri  Zinc  Company,  in  St. 
Louis/  contain  160  retorts  each.  They  are  charged  with  calcined 
silicate  of  zinc,  the  weight  of  which  in  the  raw  state  amounts  to 

^  Strecker,  loc.  cit.  ^  Eng.  and  Min.  Joivrn.,  1893,  vol.  Ivi. ,  No.  22. 

2  Strecker,  loc.  cit.  *  Strecker,  loc.  cit. 
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4.',  tons.  The  amount  of  coal  employed  for  the  reduction  of  this 
charo-e  is  31"5  cwt.,  8  tons  of  coal  being  consumed  as  fuel.  The  output 
of  zinc  is  equal  to  7071  per  cent.  For  each  ton  of  zinc  4*4  tons  of 
coal  are  used  as  fuel.  Tlie  destruction  of  retorts  is  considerably  less 
than  it  is  in  direct-fired  furnaces. 


Fig.  S2. 


II. — Zinc  Distillation  in  Muffles,  or  the  Silesian  Process 

This  form  of  distillation,  as  already  stated,  is  carried  out  in 
reverberatory  furnaces  in  which  muffles  are  arranged.  The  gaseous 
zinc  thus  produced  is  condensed  in  adapters  of  various  forms  attached 
to  the  muffles. 

Mitffles 

The  muffles,  as  previously  stated,  generally  assume  the  shape  of 
prismatic  boxes,  with  an  arched  top.  In  some  instances  they  con- 
sist of  oblong  boxes  flat  on  top,  with 
rounded  edges.  The  rear  side  is  closed 
whilst  the  front  remains  open.  During 
the  distillation  the  lower  half  of  the 
latter  is  closed  by  means  of  a  fireclay 
slab,  whilst  the  upper  portion  is  closed  by 
the  end  of  the  adapter,  which  is  luted  on 
tightly  with  clay.  The  front  end  of  the 
adapter  rests  upon  a  step  supported  on 
either  side  by  projections  from  the  longer 
walls  of  the  muffle.     If  the  front  end  of 

Fig.  81.  Fig.  S3.  •  i         i  i         , 

the  adapter  is  tube-shaped,  the  upper 
half  of  the  muffle  must  be  closed  by  means  of  a  slab  of  clay,  provided 
with  a  short  cylinder  into  which  the  end  of  the  adapter  fits.  The 
front  end  of  the  muffle  and  the  upper  plate  with  its  short  cylinder 
are  shown  in  Figs.  81  to  83.  As  has  been  stated  above,  the  muffles 
are  generally  2G  inches  high  in  the  clear,  6  to  8  inches  wide,  and  28 
inches  to  7  feet  long.  If  the  entire  bottom  of  the  muffle  is  supported, 
its  length  may  be  as  much  as  7  feet.  If,  however,  it  is  only  sup- 
ported at  the  front  and  back  ends,  its  length  must  not  exceed  4  feet. 
The  bottom  and  sides  of  the  larger  muffles  are  made  thicker  at  the 
back  than  in  front.  In  Upper  Silesia,  for  instance,^  the  thickness 
of  the  walls  increase  from  the  front  to  the  rear  portion  of  the  muffle 
from   0-8  to  1-2  inches  in  the  arch,  and  the  thickness  of  the  bottom 


^  Georgi,  Bevy,  mid  Iliitt.  Ztij.,  1877,  p.  72. 
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from  08  to  2"5  inches.  The  thickness  of  the  smaller  muffles  made  by 
hydraulic  machinery  in  the  Rhine  Provinces  and  Westphalia  only 
averages  about  1  inch.  Long  muffles,  up  to  5  feet  6  inches  in  length, 
are  exceptionally  made  with  a  bottom  as  much  as  2  inches  thick,  in 
order  to  render  them  more  durable,  as,  for  example,  at  Birkengang, 
near  Stolberg,  The  material  from  which  the  muffles  are  manu- 
factured is  a  mixture  of  raw  and  burnt  clay,  the  latter  of  which  may 
be  replaced  in  part  by  fragments  of  muffles.  The  composition  of 
suitable  varieties  of  clay  has  already  been  given  on  page  91.  The 
proportion  in  which  the  various  constituents  are  mixed  depends  upon 
the  proportion  of  silica  and  alumina  contained  in  the  materiaL  avail- 
able. For  example,  at  the  Hamborn  Works  60  parts  of  burnt  Belgian 
clay,  35  parts  of  raw  Belgian  clay  and  5  parts  of  coke  are  used.  At 
the  Birkengang^  Works  two-thirds  of  burnt  and  one-third  of  raw 
Belgian  clay ;  at  the  Munsterbusch  Works,  near  Stolberg,  60  per  cent, 
of  burnt  and  40  per  cent,  of  raw  clay,  together  with  coke  dust ; 
at  the  Freiberg  Works  1  part  of  raw  and  2  parts  of  burnt  clay ; 
at  the  works  near  Dortmund  2  parts  of  burnt,  1  part  of  raw  clay, 
and  one-tenth  of  finely  ground  coke  ;  at  the  Upper  Silesian  Works  55 
to  65  per  cent,  of  burnt  clay  and  35  to  45  per  cent,  of  raw  clay.  The 
fireclay  used  in  Upper  Silesia  is  obtained  from  Saarau,  in  Upper 
Silesia,  from  Briesen  in  Moravia,  and  from  Szczakowa  in  Galicia.  A 
clay  shale  from  Neurode  is  also  used.  The  crushing,  mixing,  and 
kneading  of  the  above-named  materials  is  performed  in  the  same 
way  as  in  the  manufacture  of  retorts  for  the  Belgian  furnaces.  Burnt 
clay  must  be  crushed  down  to  a  size  not  exceeding  03  to  0*4  inch. 

Muffles  are  manufactured  either  by  hand  or  by  means  of  machinery. 
In  Upper  Silesia,  where  only  big  muffles  are  employed,  these  are 
made  by  hand.  In  Belgium,  the  Rhine  Provinces,  and  Westphalia, 
on  the  other  hand,  where  small  muffles  only  are  in  use,  machinery  is 
used  for  their  manufacture.  When  made  by  hand,  muffles  are  made 
either  vertically  or  horizontally.  When  vertical  muffle  moulds  are 
employed,  the  latter  generally  consist  of  three  sections  fastened 
together  by  means  of  hooks  and  eye  bolts.  As  in  the  manufacture 
of  retorts,  the  back  portion  of  the  muffle  is  first  shaped  in  the  bottom 
portion  of  the  mould,  the  second  section  is  then  attached  to  the  first 
and  the  middle  of  the  muffle  is  shaped  in  it,  and  then  the  front 
section  is  attached  to  the  former  portion,  and  the  rest  of  the  muffle 
moulded  in  it.  Finally,  the  projections  to  carry  the  step  at  the  front 
portion  of  the  muffle  are  attached.  The  various  slabs  of  clay  are 
fastened  to  each  other  as  in  the  case  of  the  retorts,  by  scoring  the 
portions  in  contact  By  means  of  a  small  comb.     When  the  muffles 
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are  made  horizontally,  as  in  Upper  Silesia/  the  bottom  is  first  made 
by  cutting  out  a  hollow  in  a  prismatic  piece  of  clay  of  the  size  of  the 
bottom  of  the  muffie,  which  is  then  placed  in  the  lower  portion  of 
the  muffle  mould.  Slabs  of  clay  of  the  height  of  a  segment  of  the 
mould  are  then  introduced  and  united,  the  diagonall}^  cut  end  of  the 
slab  being  scored,  moistened  with  water,  and  then  pressed  against 
the  correspondingly  cut  end  of  the  next  piece.  The  slabs  of  clay  are 
then  pressed  against   the  corresponding  portion   of  the  mould  and 
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Figs.  S4— S7. 


beaten  down  with  an  iron  beater.  This  process  is  continued  until 
the  muffle  is  complete.  Generally  four  or  five  muffles  are  commenced 
simultaneously ;  the  advantage  obtained  thereby  is  that  when  the 
work  is  completed  the  muffle  is  already  dry  enough  to  admit  of  the 
mould  being  removed. 

In  Belgium,  the  Rhine  Provinces  and  Westphalia,  muffles  are 
made  by  hydraulic  machinery  in  the  same  way  as  the  retorts  for 
the  Belgian  furnaces,  the  muffles  being  dried  standing  on  end  for  a 
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certain  time,  up  to  one  month,  in  drying  chambers  heated  to  be- 
tween 30°  and  33°  C,  then  glazed  if  desired,  and  finally  kept  until 
required  for  use  (up  to  a  period  of  12  months)  in  drying  chambers 
at  a  temperature  of  35°  C. 

Muffles  must  be  introduced  red-hot  into  the  furnace.  They 
are  therefore  previously  heated  by  the  waste  heat  of  the  distilla- 
tion furnace,  or  in  special  reverberatory  kilns  provided  with  grate 
fires.  The  construction  of  such  a  furnace  is  shown  in  Figs.  84  to 
87.  Above  the  grate  there  is  an  arch  pierced  with  twelve  openings, 
through  which  the  flame  enters  the  heating  chamber ;  the  latter  is 
provided  with  a  door  lined  with  firebrick,  which  can  be  raised  or 
lowered  by  means  of  counterpoises.  At  the  Paul  Works,  near  Rosdzin, 
in  Upper  Silesia,  such  a  furnace  takes  12  to  14  muffles  at  a  time. 
Their  heating  or  annealing  lasts  12  hours,  5  cvvts.  of  coals  being 
consumed.     A  muffle  lasts  30  to  40  days. 

Condensers  or  Adapters 

These  are  of  various  shapes.  In  the  older  Silesian  furnaces  they 
consisted  of  a  bent  clay  pipe  composed  of  several  pieces  which  com- 
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Fig.  so. 


municated  with  a  chamber  in  which  the  zinc,  condensed  in  the  pipe, 
accumulated.  In  the  newer  furnaces  they  are  given  the  form  of 
cylindrical  tubes,  or  of  cylindrical  tubes  bellied  below,  or  of  prismatic 
boxes  with  an  arched  top.  The  arrangement  of  the  adapter  for  the 
old  Silesian  furnace,  which  is  now  no  longer  employed,  is  shown  in 
Figs.  88  and  89.  In  the  former,  h  is  the  chamber  in  which  the  fluid 
zinc  solidifies ;  in  the  latter  figure  a  is  the  upper  portion  of  the  adapter 
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made  of  clay,  which  rests  upon  the  step  of  the  muffle.  It  has  an 
aperture  at  d  which  can  be  closed  by  a  tile;  the  muffle  can  be 
charged  through  this  aperture  by  removing  the  latter;  h  is  a  tube 
made  of  cast-iron,  c  one  of  sheet-iron,  the  latter  entering  into  the 
collecting  chamber.  The  zinc  condenses  in  the  knee-shaped  tube, 
and  flows  through  the  vertical  portion  into  the  chamber.  The  employ- 
ment of  this  adapter  makes  it  necessary  to  re-melt  the  solidified  zinc. 


Figs.  '.10  and  i'l. 


in  order  to  cast  it  into  moulds.  As  above  mentioned,  it  has  been 
replaced  by  other  forms  of  adapters.  Adapters  which  have  the 
shape  of  tubes  bellied  underneath  are  shown  in  Figs.  90  and  91. 
The  fluid  zinc  collects  in  the  bellied  portion  and  is  raked  out  from  it 
from  time  to  time ;  a  sheet-iron  cone  or  nozzle  is  attached  to  its  front 
end.  Inclined  cylindrical  tubes,  as  shown  in  Fig.  92,  are  also  used 
as  adapters.  In  this  case  their  front  end  is  closed  with  a  tile,  or  with 
an  iron  plate  clayed  over,  and  having  a  hole  through  the  centre. 
The   zinc   that  collects  in  this   adapter  is  allowed    to  run    into  an 

iron  ladle  held  in  front  of  it,  by 
removing  or  loosening  the  plate  ;  for 
this  purpose  the  cla}^  luting  which 
connects  the  lower  portion  of  the 
plate  to  the  adapter  is  gradually 
loosened.  The  same  method  of 
closing  is  used  for  adapters  made  in 
the  shape  of  prismatic  boxes.  The 
gases  escape  through  a  short  tube  projecting  from  the  front  slab 
into  a  nozzle.  In  order  to  condense  the  zinc  vapours  more  com- 
pletely, to  collect  zinc  fume,  and  to  avoid  the  injurious  effects  of  the 
gases  and  vapours  escaping  from  the  adapters,  these  have  received 
important  improvements  in  recent  times  in  Upper  Silesia.  Of  these 
new  adapters,  the  most  important  are  those  of  Kleemann  and  of 
Dagner. 

The  Kleemann  adapter  is  shown  in  Fig.  93,^  and  has  the  shape 
of  an  inclined  cylinder,  or  of  a  parallelopipedon,  or  of  a  prismatic 
box  with  arched  roof  3  feet  3  inches  long,  to  the  front  portion  of 

1  1).  R.  Patents,  Nos.  8,121,  12,821,  28,596;  additional  Patent,  7,411. 
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the  roof  of  which  a  flange  4  inches  high  is  attached.  Above  this 
is  a  cast-iron  grating  upon  which  a  layer  of  coke  is  maintained  at  a 
red  heat.  The  back  portion  of  the  adapter  is  secured  to  the 
mufifle ;  the  front,  open  portion  is  closed  with  an  iron  plate  covered 
with  clay  and  luted  as  tightly  as  possible  to  the  adapter.  There  is 
an  opening  in  the  centre  of  the  plate,  which  can  be  kept  closed  by 
means  of  a  clay  plug.  The  whole  adapter  lies  inside  the  recess  of  the 
furnace.  The  gases,  consisting  mainly  of  carbon  monoxide  and  of  the 
metallic  particles  which  are  not  depoir^ited  in  the  receiver,  are  forced 
to  pass  through  the  grating  and  the  layer  of  glowing  coal.  A  portion 
of  the  metallic  constituents  of  the  vapour  is  retained  in  the  layer  of 
coke,  whilst  the  carbonic  oxide  is  heated  to  the  point  of  combustion, 
and  is  burnt  by  a  current  of  air.  Any 
zinc  oxide  contained  in  the  gases  is 
not  reduced  by  the  bed  of  coke.  As 
the  layer  of  coke  soon  becomes  stopped 
up,  it  requires  frequent  stirring,  and 
must  be  renewed  from  time  to  time. 
In  consequence  of  the  layer  of  glowing 
fuel  upon  the  grate,  no  oxygen  from 
the  air  can  enter  the  adapter.  The 
burnt  gases  and  the  metallic  particles 
not  retained  in  the  bed  of  coke  pass 
through  an  opening  in  the  arch  of 
the  recess  into  a  flue  running   above 

the  furnace,  or  into  a  main  flue,  whence  they  are  conducted  into 
an  apparatus  for  the  precipitation  of  the  metallic  particles,  and 
finally  escape  into  the  stack.  In  the  above  figures  the  burnt  gases 
escape  from  the  adapter  v,  through  the  grating  at  a,  by  the  open- 
ing 0  and  the  flues  b  and  c,  into  the  main  flue  D,  and  from  the  latter 
into  the'  stack.  The  zinc  is  tapped  out  from  the  bottom  end  of  the 
adapter.  These  adapters  are  at  present  in  use  at  the  Silesian 
Works,  near  Lipine.  The  gases  and  vapours  escape  through  the 
layer  of  burning  fuel  into  a  main  longitudinal  flue,  thence  into  an 
underground  dust  chamber,  and  finally  to  the  stack.  No  deposit 
of  oxides  may  show  upon  the  coping  of  the  stack,  as  this  would 
be  a  sign  that  the  flue  dust  has  not  been  completely  collected. 
There  is  a  small  sight-hole  at  the  front  of  the  adapter,  which  can  be 
kept  closed  by  clay.  If  any  flame  escapes  from  this  sight-hole,  it 
shows  that  the  passage  of  the  vapours  through  the  layer  of  fuel  has 
been  hindered  by  the  deposition  of  particles  of  metal  and  oxides  in 
the  latter,  which  obstacles  must  then  be  removed  or  the  bed  of  fuel 
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be  renewed.  This  adapter,  which  has  rendered  good  service  at  the 
Silesian  Works,  has  been  replaced  in  other  works  in  Upper  Silesia, 
such  as  the  Wilhelraina  and  Paul  Works,  by  the  Dagner  adapter. 

The  Dagner  adapter  ^  serves  to  condense  the  zinc  vapours  from  a 
pair  of  adjacent  muffles,  and  consists  of  a  series  of  inchned  boxes 
which  lie  beside  or  above  each  other,  in  which  the  greater  portion 
of  the  metallic  constituents  of  the  vapour  is  deposited.  The  arrange- 
ment of  the  adcipter  is  shown  in  Figs.  94  to  99 ;  in  these  a,  a  are  the 
two  adapters  fitted  to  the  pair  of  muffles  ni,  lying  side  by  side.  The 
gases  and  zinc  vapours  escape  from  lateral  openings  in  these  adapters 


Figs.  94—09. 


into  a  chamber  b  lying  between  them.  Through  an  opening  in  the 
upper  part  of  the  latter  they  escape  into  a  prismatic  box  c,  24  inches 
long,  traverse  this  lengthways  and  then  rise  up  into  another  prismatic 
box  d  of  the  same  length,  which  they  also  traverse  longitudinally,  and 
then  escape  through  an  opening  provided  with  a  short  branch  into 
the  flue  K.  When  they  escape  through  the  topmost  box,  these  gases 
are  burnt  by  a  current  of  air,  so  that  their  products  of  combustion, 
together  with  any  zinc  vapours  that  have  escaped  combustion,  enter 
the  flue  K.  The  front  ends  of  these  adapters  are  closed  by  plates  of 
sheet  iron,  which  are  covered  with  clay  on  either  side,  and  are  luted 
to  the  adapters.  In  the  middle  of  each  plate  there  is  a  small  round 
hole,  which  can  be  closed  at  will  by  a  clay  plug.     Through  these 
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holes  iron  rods  can  be  introduced  into  each  separate  portion  of  tlie 
adapters  in  order  to  remove  deposits  of  zinc  oxide  from  within  them. 
The  separate  recesses  are  closed  in  front  by  plates  of  sheet-iron. 

The  zinc  collects  in  the  lower  adapter  in  the  fluid  condition  ;  in  the 
upper  adapters  zinc  oxide  and  zinc  fume  are  deposited.  The  zinc  is 
tapped  off  from  the  front  end  of  the  adapters.  From  the  other  adapters 
the  zinc  fume  and  oxide  are  raked  out  after  the  front  plates  have  been 
removed.  On  account  of  the  long  distance  which  the  gases  have  to 
traverse  through  these  adapters  and  boxes,  the  greater  portion  of 
their  metallic  constituents  is  deposited.  The  remainder,  together  with 
any  zinc  oxide  formed  by  the  combustion  of  zinc  vapours  at  the 
outlet,  passes  into  dust  chambers  connected  with  the  adapters.  The 
division  h  of  the  adapter  is  6  inches  broad,  and  8  inches  high ;  the 
division  c  is  4|  inches  broad  and  4  inches  high  ;  the  division  d  is  10 
inches  broad,  and  10  inches  high.  The  burnt  gases  and  vapours  after 
passing  through  the  main  flues,  dust  chambers,  and  dust  towers 
finally  pass  into  a  flue  with  a  powerful  draught.  At  the  Paul  and 
Wilhelmina  Works,  near  Schoppinitz,  the  gases  escape  through  hori- 
zontal pipes.  The  recess  is  here  closed  in  front  by  a  temporary  wall, 
in  the  lower  portion  of  which  there  is  a  small  opening.  Through  the 
latter  the  air  required  for  burning  the  gases  enters  the  recess  and 
directs  the  flame  towards  the  collecting  flues.  Throusfh  these  flues  the 
gases  pass  into  a  system  of  condensing  chambers.  These  chambers 
of  which  there  are  7,  having  a  total  length  of  860  feet,  are  provided 
with  vertical  walls,  by  which  the  distance  to  be  traversed  by  the  cur- 
rent is  prolonged  and  the  surface  exposed  to  it  increased.  In  the  last 
chamber  any  remaining  solid  particles,  carried  by  the  current  of  gas, 
are  removed  by  means  of  a  water  spray,  after  which  the  gases 
escape  into  the  stack.  The  water  flowing  through  this  last  chamber 
is  run  on  to  a  coke  filter,  which  retains  the  solid  particles,  the  water 
running  clear  from  the  last  filter.  This  arrangement  has  given  satis- 
factory results.  The  composition  of  the  zinc  fume  collected  in  the 
condensing  chambers  of  the  Wilhelmina  Works  when  the  Dagner 
adapter  is  used,  is  the  following  : — 

ZnO 88-20  percent. 

CdO 1-46 

PbO 4-44 

SO3 4-12 


MngO, 0-05 

1-50 

99-77 
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Adapters  are  composed  of  ordinary  potter's  clay  with  the 
addition  of  a  certain  quantity  of  burnt  clay  or  of  fragments  of  muffles^ 
or  at  times  of  the  distillation  residues  from  the  zinc  retorts,  or  of  coke 
dust.  They  are  made  by  hand,  slabs  of  clay  of  the  requisite  length 
being  laid  upon  wooden  cores  of  the  shape  of  the  adapter,  and  pressed 
down  upon  them.  As  soon  as  the  mass  has  attained  a  sufficient  degree  of 
consistency,  the  core  is  withdrawn.  When  a  bellied  adapter  has  to  be 
made,  as  is  shown  in  Fig.  90,  the  core  consists  of  three  pieces,  a,  b 
and  c,  the  middle  wedge-shaped  portion  of  which,  h,  is  provided  with 
a  handle,  so  that  it  can  be  drawn  out.  The  slab  of  clay  is  laid  upon 
the  core  and  beaten  down  by  hand.  As  soon  as  it  has  attained  a 
sufficient  consistency,  the  wedge-shaped  portion  of  the  core  is  with- 
drawn ;  the  portion  a  then  drops  down,  and  can  be  drawn  out,  and 
the  portion  c  is  lastly  lifted  out  from  the  adapter.  These  adapters  are 
either  dried  upon  the  roof  of  the  distillation  furnace  and  used  raw,  or 
else  are  burnt  after  having  been  dried  by  the  waste  heat  of  the 
distillation  furnace,  or  in  special  annealing  kilns.  Adapters  last  from 
two  to  three  weeks. 

In  order  to  protect  the  workmen  against  the  gases  and  vapours 
which  escape  when  the  muffles  are  being  cleared  out  and  charged, 
as  also  against  the  zinc  vapours  which  escape  during  distillation, 
through  the  sight-holes  and  through  cracks  in  the  adapters,  an 
arrangement  has  been  introduced  by  Stempelmann  at  the  Hohen- 
lohe  Works,  near  Kattowitz,  with  good  results.  It  is  therefore 
combined  with  the  Dagner  adapter,  the  arrangement  being  shown 
in  Figs.  100  to  102.^  Above  the  uppermost  adapter  a  sheet- 
iron  plate  a  &  is  so  secured  to  the  buckstaves  of  the  furnace  as  to 
form  a  flue,  the  walls  of  which  consist  of  the  above  sheet-iron, 
the  true  furnace  wall  c  d,  and  of  a  pair  of  buckstaves  s.  At  the 
upper  end  there  is  a  lateral  aperture  i  through  which  the  gases 
and  vapours  ascending  can  escape  into  the  dust  chamber  K. 
This  flue  can  be  prolonged  downwards  by  means  of  a  sliding  sheet  of 
iron  pro\dded  with  a  handle  and  suspended  by  means  of  a  chain  Avith 
a  counterpoise.  It  is  guided  by  means  of  iron  castings  /  riveted  to 
the  sheet  iron  a  h.  When  the  muffle  is  to  be  cleared  out,  the  sliding 
sheet  is  lowered  so  far  that  the  gases  and  vapours  escaping  from  the 
former  rise  through  the  opening  h  into  the  prolongation  of  the  flue, 
and  thence  escape  through  the  opening  i  into  the  dust  chamber  K. 
When  the  muffle  is  being  charged,  the  sheet-iron  must  be  lifted  up 
so  far  that  the  front  end  of  the  adapter  V,  through  which  charging 
takes  place,  stands  open.     The  gases  and  vapours  then  also  escape 

^  Saeger,  Hygiene  der  HiittenarheUer,  Jena,  1895. 
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into   the  above-named  flue,  and  find   their   way  through  i  into  the 
dust  chamber. 

Wherever  the  adapters  of  Kleemann  and  Dagner  are  not  in  use, 
nozzles  or  condensers  of  sheet-iron  are  often  attached  to  the  front 
end  of  the  adapters  in  order  to  collect  the  metallic  portion  of  the 
vapours  and  to  prevent  injury  by  the  escaping  gases.  The  metallic 
portion  of  the  vapours  condense  and  thus  form  a  mixture  of  pulveru- 
lent zinc  and  zinc  oxide,  known  as  zinc  fume  or  " poussidre."     These 


nozzles  may  communicate  with  draft  flues  to  remove  the  poisonous 
carbonic  oxide  ;  otherwise  this  gas  escapes  through  the  front  end  of  the 
former.  Such  nozzles  are  at  present  universally  used  for  Belgian  and 
Belgo-Silesian  furnaces.  The  most  improved  forms  of  these,  formerly 
used  in  Upper  Silesia,  and  still  at  present  used  to  some  extent,  are 
the  twin  cylindrical  nozzles  of  Recha,  the  cylinder  of  Bugdoll,  the 
vertical  nozzle  with  condensing  chamber,  and  the  respective  apparatus 
of  Palm,  of  Hawel,  of  Mielchen  and  of  Steger. 
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Fig.  103  shows  Recha's  nozzle.  It  consists  of  two  cylinders  of 
sheet-iron  A  B,  connected  with  each  other.  The  sight  hole  of  the 
cylinder  A  is  closed  by  an  automatic  valve  z ;  the  cylinder  B  has  a 
cap  y.  The  gases  which  are  not  combustible  escape  through  the 
latter  cylinder  by  means  of  the  tube .'/;,  and  can  be  conducted  away  by 
means  of  a  hood  attached  to  the  front  side  of  the  furnace  into  the 
flues  or  above  the  level  of  the  furnace  top.^ 

Fig.  104  shows  the  nozzle  of  Bugdoll.-     It  consists  of  a  cylinder 


Fig.  102. 
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closed  in  front ;  by  means  of  a  valve  h,  the  particles  of  fume  deposited 
in  the  cylinder  can  be  removed.  The  gases  and  vapours  escape 
through  the  branch  v ;  the  latter  is  closed  by  a  gas  filter  of  fine 
cotton  in  which  all  solid  parts  of  the  gases  and  vapours  are  retained. 
Fig.  105  shows  the  vertical  nozzle  with  condensing  chamber;  h  is 
the  vertical  nozzle  connected  on  one  side  with  the  adapter  v,  by 
means  of  the  tube  t,  on  the  other  side  with  the  condensing  chamber 
h  by  means  of  the  tube  s.  Through  the  latter,  gases  and  vapours 
that  have  not  been  condensed  escape  by  the  tube  I  into  the  interior  of 

1  I).  R.  Patent,  No.  12,768.  -  D.  R.  Patent,  No.  11,545. 
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the  distillation  furnace,  where  they  are  burnt.  By  means  of  two 
apertures  provided  with  sliding  covers  the  nozzle  h  can  be  cleared 
out. 

The  apparatus  of  Palmi  is  shown  in  Fig.  106;  the  gases  and 
vapours  escaping  through  the  adapter  v  pass  through  the  tube 
system  r,  r,  into  the  collecting  tank  /,  filled  with  water,  and  in  escaping 
impinge  upon  the  surface  of  the  water.  From  this  tank  they  pass 
through  several  other  washing  tanks,  and  then  escape  into  the  fireplace 
of  the  furnace. 

In  Hawel's  arrangement,  shown  in  Fig.  107,-  a  chamber  h  is 
provided  over  every  pair  of  adapters,  the  former  being  connected  with 
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a  gas  delivery  tube  n.  The  nozzle  is  connected  both  with  the  chamber 
and  with  the  gas  tube  by  means  of  short  pipes.  The  vapours  pass  first 
into  the  chamber,  then  into  the  nozzle,  and  finally  into  the  gas  flue. 
The  greater  portion  of  the  zinc  escaping  through  the  adapter  is 
condensed  in  the  chamber  h,  and  flows  back  into  the  adapter  z 
over  the  inclined  floor  of  the  former.  By  means  of  a  pipe  recently 
placed  by  Hawel  between  the  adapter  and  the  chamber,  better 
results  have  been  obtained  as  regards  the  condensation  of  zinc 
vapours. 

The  nozzle   of  Mielchen^  used  at  the  Hugo  Works,  in  Upper 
Silesia,  is  shown  in  Figs.   108  to   110.*     There  are  two  adapters  d 

1  D.  R.  Patent,  No.  9,672.  -  D.  R.  Patent,  Nos.  57,385  and  61,740. 

=*  D.  R.  Patent,  No.  18,635.  *  Saeger,  op.  cit. 
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Fi<^.  110,  from  which  the  gases  and  vapours  escape  through  two 
tubes  of  sheet-iron  c  into  a  sheet-iron  cylinder  e,  provided  with  hand 
holes/,  and  pass  by  means  of  the  perforated  sheets  g  into  the  tube 
h,  upon  which  the  nozzle  proper  is  supported.  The  latter  consists 
of  an  inner  cylinder  of  sheet  iron  k,  resting  upon  a  perforated  iron 
plate  i,  the  upper  end  being  also  perforated,  and  of  an  iron  cylinder  I 
which  slips  over  the  former,  and  which  is  in  its  turn  surrounded  with 
nine  spiral  rings  made  of  sheet-iron,  Avhich  are  tightly  riveted  to  the 


Fig.  110. 
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outer  w^all.  The  gases  and  vapours  escape  through  the  perforated 
cover  of  the  inner  cylinder  into  the  annular  aperture  between  the  inner 
and  the  outer  one,  through  the  lower  end  of  this  space  pass  at  the 
lower  end  of  the  latter  into  the  space  between  the  inner  cylinder  and 
the  nozzle,  and  then  take  the  spiral  route  indicated  by  the  arrows, 
escaping  finally  through  the  openings  W  in  the  cover  of  the  nozzle  ; 
the  apparatus  is  provided  with  the  handles  Z.  On  account  of  the  long 
route  traversed  around  the  outer  cylinder,  the  deposition  of  the  metallic 
portions  of  the  gases  is  almost  complete, 

Steger's  nozzle,  which  is  used  at  the  Lazy  Works,  near  Beuthen 
is   shown    in    Fig.    111.      The   gases   and  vapours  escape  from  the 
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adapter,  first  into  the  lower  cylinder  U,  then  traverse  the  sheet- 
iron  tubes  a^,  a.,,  and  a.^,  which  form  the  nozzle  proper,  and  escape  at 
the  upper  end  of  the  latter  through  the  tube  d  into  a  flue,  in  which 
they  are  burnt  and  led  away.  In  the  tube  a^  discs  of  iron  are 
arranged,  by  which  the  gases  are  forced  to  ascend  close  to  the  outside 
circumference  of  the  tube.  The  zigzag  arrangement  of  the  tubes 
forces  the  gases  to  traverse  a  considerable  distance,  and  at  the  same 
time  alters  their  direction  repeatedly.  The  gas  is  also  exposed  to 
the  contact  of  a  very  extensive  surface,  and  is  thus  greatly  cooled  on 
account  of  the  material  of  which  the  tubes  consist.  The  cooling 
eifect  is  increased  by  the  action  of  the 
•discs  s,  which  force  the  gas  current  against 
the  wall  of  the  tube  a^  In  consequence 
of  these  arrangements,  the  current  of  gas 
is  cooled  far  below  its  temperature  of  ig- 
nition, so  that  even  should  air  find  its 
way  into  the  nozzles,  explosions  are  not 
to  be  feared.  It  is  said  that  the  amount 
of  zinc  fume  obtained  in  this  nozzle  is 
very  considerable,  and  greatly  exceeds 
that  obtained  in  the  others.  The  method 
of  arranging  this  nozzle  in  Belgo-Silesian 
furnaces,  with  several  rows  of  muffles 
one  above  the  other,  is  shown  in  Fig.  112. 
The  gases  escaping  from  the  nozzle  pass 
through  the  openings  i  into  the  hood  A, 
which  directs  them  outwards.  As  they 
escape  from  the  openings  i,  they  are 
set  fire  to  and  burnt.  This  nozzle  can 
to   Belgian  furnaces. 


also   be   readily  applied 


Furnaces  for  Distillation 

The  various  forms  of  furnaces  are  :  furnaces  with  grates,  in  which 
the  flame  rises  up,  surrounds  the  muffles  laterally,  and  then  escapes, 
partly  through  openings  in  the  arch  of  the  furnace,  partly  through 
lateral  apertures,  and  furnaces  fired  by  grates  or  fired  by  gas,  in  which 
the  flame  rises  up  to  the  arch  and  then  returns  surrounding  and 
striking  the  muffles  from  above,  and  escaping  at  the  bottom  of  the 
furnaces.  The  furnaces  of  the  former  type  are  known  as  the  old 
Silesian  furnaces,  those  of  the  latter  type  as  the  Belgo-Silesian 
furnaces.  The  Belgo-Silesian  furnaces  approximate  in  their  con- 
struction to  the  Belsfian  furnaces  Avhen  the  muffles  are  arranged  in 
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several  tiers  one  above  the  other,  and  when  the  separate  muffles  are 
only  supported  at  their  extremities  in  the  furnaces  like  the  retorts 
of  the  Belgian  furnaces.  These  are  used  in  Belgium,  the  Rhine 
Provinces,  and  Westphalia.  The  old  Silesian  furnaces  were  formerly 
used  universally  in  Upjier  Silesia,  the  short-flaming  coal,  which  is 
there  obtainable,  being  the  fuel  employed.  At  present,  however,  they 
have  everywhere  been  displaced  by  the  Belgo-Silesian  furnaces.  The 
latter,  which  are  suited  for  coals  giving  long  flames,  and  for  various 
forms  of  gas-firing,  economise  heat  to  a  far  greater  extent  than  do 
the  old  Silesian  furnaces,  which  nowadays  scarcely  possess  more  than 
historical  value. 

Old  Silesian  Furnaces 

These  are  furnaces  with   a  long  narrow  fire-chamber.     In  their 
longitudinal  axis  a  deep  grate  is  built,  upon  either  long  side  of  which 

the  muffles  rest  upon 
supports.  The  lElame 
rismo;  from  the  grate 
surrounds  the  muffles 
laterally,  and  then  es- 
capes partly  through  late- 
ral openings  in  the  short 
side  of  the  furnace  into 
the  chambers  for  cal- 
cining calamine,  for  an- 
Fit;.  113.  uealing  muffles,  and  for 

re-melting  the  zinc,  and 
partly  escapes  through  a  row  of  flues  in  the  arch  of  the  furnace, 
either  into  a  main  flue  leading  into  a  large  stack  or  directly 
into  low  stacks.  The  arrangement  of  such  a  furnace  is  shown  in 
Figs.  113  to  115,  in  which  h  is  the  grate ;  its  length  is  5  feet  5  inches, 
and  its  depth  2  feet  0  inches  below  the  floor  of  the  furnace.  It  is 
fired  by  means  of  a  fire  door  shown  in  Fig,  113.  Along  the  two 
long  sides  of  the  grate,  or  upon  their  prolongation,  10  muffles  are 
arranged.  The  roof  of  the  furnace  is  built  of  fireclay  or  of  firebricks. 
Each  pair  of  muffles  opens  in  front  into  recesses  29  inches  high  and 
2G  inches  Avide,  which  are  known  as  chaioels,  these  being  separated 
from  each  other  by  party  walls,  Z,  4  feet  4  inches  long  and  4  inches 
thick.  The  adapters  of  the  muffles  lie  in  these  recesses.  These 
furnaces,  each  of  which  holds  20  muffles,  are  built  in  pairs.  After 
the  flame  has  heated  the  muffles  from  the  side,  it  escapes  through 
lateral  openings  in  the   shorter    walls   of    the   furnace,    partly  into 
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chambers  for  calcining  calamine,  partly  into  chambers  for  annealing 
muffles,  and  for  re-melting  the  zinc,  and  then  from  these  into 
low  stacks ;  /,/'  are  the  calcining  chambers  built  between  a  pair  of 
neighbouring  furnaces,  &  is  the  chamber  for  annealing  the  muffles, 
and  A  the  chamber  for  re-melting  the  zinc  ;  li  is  the  chamber  into 
which  the  adapter  opens,  and  in  which  the  zinc  collects  in  the  solid 
form.  The  front  part  of  this  chamber  is  closed  by  means  of  a  door 
during  the  course  of  the  operation  ;  g,  g  are  the  stacks.  The  bottom 
of  the  muffles  in  the  case  of  these  furnaces  lies  upon  a  solid  support, 
and  is  therefore  not  struck  by  the  flame. 

Furnaces  of  this  kind   have  been  used  in  England  and  fired  by 
means  of  highly  bituminous    coals.     In    the    arch    over    the    front 
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Fig.  lit.  Fig.  ILj. 

portion  of  the  muffles  there  are  two  rows  of  holes,  whence  the 
products  of  combustion  escape  into  horizontal  flues  leading  to  the 
stack,  no  attempt  being  made  toheatannealingor  calcining  chambers. 
Each  furnace  contains  24  muffles.  On  account  of  the  inefficient 
utilisation  of  the  heat  in  these  furnaces,  1  part  by  weight  of  zinc 
required  for  its  reduction,  from  comparatively  poor  ores,  17  to  20 
parts  by  weight  of  coal  in  Upper  Silesia ;  with  richer  ores  and  better 
coals  in  England  llh  parts  of  coal.  The  loss  of  zinc  in  Upper 
Silesia  was  as  high  as  30  per  cent.,  and  in  England  amounted  to  18 
per  cent.  As  already  stated,  these  furnaces  have  been  replaced  by 
the  Belgo-Silesian  furnaces  and  are  now  no  longer  built. 

Belgo-Silesian  Furnaces. 

These  furnaces  have  been  evolved  from  the  old  Silesian  furnaces, 
the  flames  not  being  allowed  to  escape  from  the  furnace  either 
laterally  or  through  the  arch,  but  being  first  made  to  strike  the  arch 

VOL,   II.  L 


146  METALLURGY 

and  then  to  return,  escaping  at  the  bottom  of  the  furnace.  Thus  the 
products  of  combustion  escape  either  through  a  common  flue  running 
under  the  bottom  of  the  furnace  into  a  stack,  or  into  several 
stacks,  or  before  entering  the  latter,  they  can  be  utilised  for  calcining 
calamine.  The  muffles  rest  upon  the  smallest  possible  supports 
inside  the  furnace,  so  that  even  the  bottom  shall  be  as  far  as  possible 
surrounded  by  flames.  In  the  Rhine  Provinces,  Westphalia  and 
Belgium,  muffles  have  been  made  relatively  small,  arranged  in 
several  rows,  placed  one  above  the  other.  By  this  means  heat  has 
been  more  effectually  utilised  (6  to  8  parts  of  coal  to  1  part  of  zinc), 
the  temperature  is  kept  more  uniform,  the  retorts  last  for  a  longer 
time,  the  output  of  zinc  is  greater,  and  the  furnaces  can  be  adapted 
for  a  larger  number  of  muffles,  and  their  capacity  thereby  increased. 
It  was  also  found  possible  to  avoid  the  entrance  of  smoke  into  the 
works,  and  to  minimise  the  injury  done  by  the  smoke  to  the  sur- 
rounding country. 

This  method  of  heating  was  first  introduced  at  the  works  of  the 
Vieille  Montague  Company  in  Belgium  and  Westphalia,  flat  grates 
and  highly  bituminous  coals  being  employed ;  this  is  the  reason  why 
these  furnaces  have  received  the  name  of  Belgo-Silesian  furnaces. 
In  the  case  of  the  less  bituminous  coals  of  Upper  Silesia  ordinary 
grates  could  only  be  employed,  when  the  layer  of  fuel  was  raised  up 
to  a  considerable  height  b}^  a  bed  of  clinker,  an  air  blast  being 
forced  into  the  ashpit  under  the  grate,  or  above  the  grate  at  the  level 
of  the  top  layer  of  fuel.  A  further  improvement  was  the  introduction 
of  gas-firing,  which  considerably  increased  the  capacity  of  the 
furnaces,  and  has  almost  completely  displaced  fire  grates.  As  a 
rule,  therefore,  gas-firing  should  at  j^resent  be  exclusively  used  for 
Belgo-Silesian  furnaces.  In  the  present  state  of  development  of  the 
Belgo-Silesian  furnace,  we  may  distinguish  furnaces  with  large 
muffles  lying  in  one  tier  as  used  in  Upper  Silesia,  and  furnaces 
with  small  muffles  in  several  tiers  one  above  the  other,  as  used  in 
the  Rhine  Provinces,  Westjjhalia  and  Belgium.  The  number  of 
muffles  in  the  furnaces  of  the  first  class,  which  are  used  only  in 
Upper  Silesia,  is  from  32  to  72.  Two  furnaces  are  generally  com- 
bined to  form  a  block.  In  the  furnaces  of  the  second  class,  in 
which  there  are  several  row^s,  usually  three,  of  small  muffles,  the 
number  of  the  latter  is  considerably  greater,  and  may  amount  to 
120.  Here  also  two  furnaces  are  usually  built  together  in  one  block. 
For  example,  at  the  Munsterbusch  Works,  near  Stolberg,  there  are 
120  muffles  in  each  half  of  a  block,  or  240  in  the  entire  block;  at 
Birkengang,  near  Stolberg,  and  at  the  Bergisch-Gladbach    Works, 
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there  are  21G  muffles  in  a  block.  It  is  best  to  separate  the  above 
classes  of  furnaces  into  furnaces  fired  by  grates  and  those  fired  by 
gas.  Furnaces  fired  by  gas  may  be  divided  into  furnaces  without 
and  with  regenerators. 

Belgo-Silesian  Furnaces  Fired  hy  Grates. 

Furnaces  of  this  kind  were  frequently  used  before  the  introduction 
of  gas-firing,  but  have  been  replaced  by  gas-fired  furnaces  at  many 
works.  With  lean  coals,  one  tier  of  muffles  is  used,  with  highly 
bituminous  coals  several,  generally  two,  tiers  may  be  employed. 
The  construction  of  such  a  furnace  with  one  row  of  muffles,  as  used 
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at  Valentin-Gocq,  in  Belgium,  is  shown  in  Figs.  116  to  120.  There 
are  16  muffles  e  on  either  side  of  the  grate.  Two  such  furnaces  are 
built  together,  being  united  by  their  shorter  sides.  The  flame  rising 
through  the  grate  ascends  to  the  arch  and  then  descends,  enveloping 
the  muffles  from  above  and  escaping  through  a  row  of  apertures  into 
the  flues  k  in  the  floor,  which  lead  the  products  of  combustion  to 
the  stack.  In  the  older  furnaces,  there  are  calamine  calcining 
chambers  Z  between  each  pair,  or  whenever  solid  zinc  was  produced, 
as  in  the  old  Silesian  furnaces,  chambers  for  re-raelting  the  zinc,  a, 
were  also  provided.  In  either  case  a  portion  of  the  flame  was  diverted 
through  these  chambers  before  entering  the  stack ;  v  are  vertical 
shafts,  through  which  the  distillation  residues  that  remain  in  the 
muffles  are  dropped  into  horizontal  arched  tunnels  T.     The  latter 
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open  into  a  tunnel  vj  running  parallel  to  the  longitudinal  axis  of  the 
furnace ;  u  are  the  already-described  adapters  for  the  collection  of 
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the  zinc,  q  the  nozzles  attached  to  them  for  collecting  zinc  fume. 
The  adapters  are  arranged  in  recesses,  which  have  already  been 
considered  under  the  heading  of  the  old  Silesian  furnaces ;  t  are  the 
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steps  at  the  front  end  of  the  muffles,  upon  which  the  rear  end  of  the 
adapter  is  supported.  The  front  end  of  the  latter  rests  in  an  iron 
frame  which  closes  the  front  of  the  recess.  The  upper  portion  can 
thus  be  closed,  the  lower  portion  being  fitted  with  a  tightly 
shutting  door.  This  form  of  adapter  through  which  the  zinc  has  to 
be  raked  out  is  often  replaced  by  one  or  other  of  the  above-described 
adapters,  from  which  the  zinc  is  tapped  out. 

In  Upper  Silesia  the  muffles  also  form  one  tier.  On  account  of 
the  small,  non-bituminous  coal  there  available,  it  was  necessary  to 
employ  clinker  grates  with  a  blast  underneath  them,  or  in  some 
cases  to  use  a  blast  above  the  top  of  the  fuel.  Furnaces  of  this 
kind   hold   from  24   to  28  muffles.     The   clinker  grate  is   kept    10 


inches  in  height,  the  blast  being  produced  by  means  of  fans  or  in- 
jectors and  conveyed  by  means  of  a  pipe  into  the  closed  ashpit  of 
the  grate.  When  a  top  blast  was  used,  it  was  first  heated  by  cir- 
culating through  flues  in  the  brickwork  of  the  furnace  and  then 
entered  the  grate  by  means  of  small  apertures.  Furnaces  of  this 
kind  have  been  replaced  in  most  of  the  Upper  Silesian  works  by 
gas-fired  furnaces.  Gas-fired  furnaces  with  2  tiers  of  muffles  can 
only  be  employed  where  highly  bituminous  coals  are  available,  and 
are  in  use  at  very  few  works.  Such  a  furnace  is  shoAvn  in  Fig. 
121;  X  are  the  upper  muffles,  y  the  lower  muffles,  c  the  adapters. 
From  the  grate,  r,  the  flame  rises  to  the  arch  and  descends  sur- 
rounding the  muffles,  escaping  through  the  flues  Jc  below  the  lower 
range  of  muffles  into  the  stack.     The  upper  muffles  are  5   inches 
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longer  than  the  lower  ones  (5  feet  long,  9  inches  wide,  and  17 
inches  high).  Between  each  pair  of  recesses,  which  are  3  feet  deep, 
there  are  walls  of  firebrick. 

BcJgo-Silcsian  Furnaces  Fired  hy  Gas. 

Gas-fired  furnaces  develop  the  advantages  of  the  Belgo-Silesian 
furnaces  to  a  still  greater  extent ;  they  admit  of  the  employment  of 
inferior  fuel  and  the  production  of  a  high  degree  of  temperature, 
equable  heating  of  a  large  furnace,  and  of  convenient  stoking  of  the 
gas  producers.  On  this  account  the  capacity  of  gas-fired  furnaces  is 
considerably  greater  than  that  of  furnaces  fired  by  grates.  They 
should  therefore  be  used  as  a  rule.  The  products  of  combustion 
either  pass  directly  into  the  flues  or  a  portion  of  their  heat  may  first 
be  utilised  for  calcining  calamine  and  for  annealing  muffles,  or  for 
heating  regenerators.  Regenerators  of  the  Siemens  type  are  em- 
ployed. The  latter  imply,  hoAvever,  a  high  first  cost,  careful  attend- 
ance, and  a  uniform  and  not  too  inferior  quality  of  coal.  There  is 
also  danger  of  the  flues  of  the  regenerators  becoming  readily  stopped 
up  by  zinc  oxide  and  by  the  carbonaceous  matter  deposited  by  the 
tar,  so  that  in  spite  of  the  great  advantages  of  the  Siemens  furnace 
it  has  not  found  the  universal  application  in  zinc  works  that  was 
expected  from  it. 

Gas  Furnaces  vntliout  Regenerators. 

When  gas  furnaces  are  employed  without  regenerators,  the  air 
necessary  for  the  combustion  of  the  gases  is  heated  either  by  passing 
through  flues  in  the  brickwork  of  the  furnace  or  of  the  gas  producer, 
or  in  flues  which  are  surrounded  by  the  escaping  products  of  com- 
bustion. When  larger  mufiles  are  employed,  these  are  arranged  in 
one  tier,  whereas  smaller  mufiles  are  generally  placed  in  several. 
In  Upper  Silesia,  furnaces  with  one  tier  of  large  mufiles  are  employed. 
These  furnaces  contain  up  to  72  mufiles.  The  gas  is  generated  in 
producers  with  step  grates  and  led  into  the  furnace  through  heating 
flues,  at  the  upper  end  of  which  it  is  burnt  by  means  of  a  current  of 
air.  The  air  is  forced  in  by  means  of  fans,  and  is  heated  in  the 
brickwork  of  the  furnace.  The  furnace  may  be  worked  either  by 
draught  produced  by  a  stack,  or  by  a  blast  underneath  the  grate,  in 
which  case  air  is  also  forced  into  the  closed  ashpit  of  the  gas  pro- 
ducers. The  latter  arrangement  presents  the  advantage  that  the 
inferior  small  coal  and  duff  may  be  used  for  the  gas  producers.  The 
arrangement  of  such  a  furnace  with  heating  flues  is  shown  in  Figs. 
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122  and  123.  G^are  the  two  gas  producers,  provided  with  step  grates  t, 
into  the  ashpits  of  which  air  is  blown  through  tubes  ^.  The  producer 
gas  passes  from  the  producers  through  flues  h  into  the  heating  flues 
I.  At  the  upper  end  of  the  latter,  the  gas  is  mixed  with  the  heated 
air  reciuired  for  combustion,  which  is  forced  in  by  means  of  fans  or  by 


Fig.  122. 


Fig.  123. 


injectors  through  the  flue  z,  from  which  it  passes  through  the  flues  y, 
X  and  x',  in  which  it  is  sufficiently  warmed,  and  escapes  through  the 
pipes  d  and  d'.  The  flame  first  rises  to  the  roof  and  then  descends, 
surrounding  the  mufl:ies,and  escapes  through  the  apertures  /  into  the 
flues  ir,  whence  the  products  of  combustion  pass  into  the  stacks  e,  or 
into  the  main  stack  H.     The  blast  for  the  producer  is  taken  from  the 
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flue  z  by  a  brancli  flue  g,  opening  into  the  ashj)it  of  the  producer;  m 
are  the  muffles,  r  are  the  adapters,  u  are  the  openings  through  which 
the  residues  in  the  muffles  are  dropped  into  vaults  provided  with 
doors;  o  are  the  calcining  chambers  built  in  between  each  pair  of 
furnaces;  R,R  are  annealing  chambers.  A  double  furnace  with  64* 
muffles  as  in  use  at  the  Hohenlohe  Works  is  shown  in  Figs.  124  and 
125.  Fig.  124  is  a  cross  section  through  the  furnace  and  producer; 
Fig.  125  a  longitudinal  section  through  the  furnace.  The  furnace, 
which  is  53  feet  long  and  18  feet  6  inches  wide,  is  provided  with  2 
producers  S,  one  to  each  32  muffles.  The  producer  gases  pass  through 
the  flue  JT  into  4  vertical  shafts  G,  where  they  are  burnt  by  the  intro- 
duction of  air.  This  air  is  forced  by  means  of  fans  into  the  flue  Z, 
passes  from  the  latter  into  small  flues  a;  surrounding  the  heating 
flue,  and  from  this  through  slots  F  into  the  heating  shaft.  The 
heating  shaft  widens  out  below  into  the  chamber  ii,  so  that  any  flue 
dust  may  be  collected  there.  This  chamber  can  be  cleaned  out 
through  the  vault  R,  wdiich  is  connected  by  a  passage  D  with 
this  chamber.  After  the  flame  has  heated  the  muffles,  it  escapes 
chiefly  through  flues  lo  at  both  ends  of  the  furnace  into  the  chambers 
Mox  u  for  annealing  or  calcining  respectively,  and  from  these  chambers 
through  the  flues/  into  the  stack.  Such  of  the  products  of  combustion 
as  are  not  required  for  heating  purposes  pass  directly  out  of  the  furnace 
through  the  apertures  c  into  the  stack.  N  are  the  recesses  which 
contain  the  adapters  of  each  pair  of  muffles,  Q  are  flues  in  which  any 
slag  collects,  that  may  form  when  any  of  the  muffles  crack.  By 
means  of  the  shafts  v,  the  residues  from  the  muffles  are  thrown  into 
the  vault  B. 

Lorenz  ^  has  proposed  a  modification  of  the  Silesian  gas  furnace 
in  which  the  gases  and  air  do  not  enter  through  the  floor  of  the 
furnace,  but  through  its  two  end  walls.  The  flames  thus  enter  from 
either  side  of  the  furnace,  pass  between  the  muffles  towards  the 
centre,  where  they  meet,  surrounding  the  muffles  and  returning  along 
the  sides  of  the  furnace  to  the  end  walls,  whence  they  escape  into 
flues.  The  construction  of  such  a  furnace  with  small  muffles  arranged 
in  2  tiers,  and  heated  by  gas  generated  in  a  Boetius  producer,  is 
shown  in  Figs.  126  and  127.-  The  air  used  for  combustion  is  heated 
in  the  flues  /  of  the  well-known  Boetius  producer,  this  air  mixing  at 
0  with  the  gases  ascending  from  the  producer.  The  flame  first  rises 
to  the  roof  and  then  descends  through  the  flues  a,  which  are  built 
between  each  pair  of  recesses,  into  the  flue  h,  which  conducts  the 

1  I).  R.  Patent,  No.  1U,01U,  October  lM,  KS79. 

2  Oenterr.  Zeitschr.,  1881,  p.  330. 
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products  of  combustion  to  the  stack;  m,m  are  the  muffles  placed  in 
two  tiers  one  above  the   other.     The  residues  from  the  distillation 
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are  dropped  into  the  shaft  R ;  when  these  residues  are  being  drawn 
out  from  the  lower  muffles,  the  tiles  that  close  the  upper  portion  of 
the  vertical  flues  are  removed,  and  when  the  residues  have  to  be 
removed  from  the  upper  muffles,  the  tiles  R'  arc  removed  also.     The 


Fig.  126. 


Fig.  127 
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Boetius  producer  has  given  satisfactory  results,  and  is  being  success- 
fully used  at  the  works  in  the  Rhine  Provinces. 

Fig.  128  shows  the  construction  of  a  furnace  with  3  tiers  of  muffles ; 
rn  are  the  muffles,  v  are  the  adapters ;  the  lowermost  muffles  lie  for 
their  full  lengths  upon  the  hearth  and  project  for  some  2  inches  into 
the  recesses.     The  muffles  of  the  2  upper  tiers  are  also  supported  in 
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front  in  the  recesses,  their  back  ends  lying  upon  supports  made  of  ex- 
ceedingly fireproof  material.  The  gas  which  is  developed  in  the  pro- 
ducer, not  shown  in  the  figure,  enters  through  the  flue  a  into  the  vertical 
shaft  &,  at  the  upper  end  of  which  it  is  burnt  by  means  of  hot  air  there 
introduced  from  the  outside  through  the  flues  /.  The  quantity  of 
air  can  be  regulated  by  means  of  dampers,  li,  at  the  mouth  of  the  latter. 
Through  the  Hues  I  the  air  passes  into  the  flue  c,  and  from  the  latter 
through  d  into  h.  The  flame  rises  first  to  the  roof,  and  then  returns, 
escaping  through  apertures  c  into  the  flue  /,  thence  through  the 
vertical  flue  g  into  the  large  horizontal  flue  h,  and  from  the  latter  into 
the  flue  %  leading  to  the  stack.     In  its  passage  through  the  flue  h  the 


-yvi%i/^-S, 
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Figs.  l-2Sa  and  1:286. 


products  of  combustion  surround  the  air  flues  I  and  thus  heat  the  air 
to  be  used  for  combustion.  These  furnaces  contain  50  to  oo  muffles, 
and  are  in  use  in  the  Rhine  Provinces. 

The  construction  of  a  furnace  of  the  most  recent  type  with  oval 
muffles,  such  as  are  at  present  in  use  in  the  Rhine  Provinces,  is 
shown  in  Figs.  128«  to  128e,i  Fig.  128a  being  a  longitudinal  section  on 
cd,  Fig.  128&  a  front  elevation,  Fig.  128c  a  cross  section  on  ef,  Fig. 
128c^  a  sectional  plan  on  ah,  and  Fig.  1286  on  gh.  The  muffles  are 
of  the  pattern  now  generally  used  in  the  Rhenish  and  Westphalian 
zinc  works ;  they  are  oval  in  cross  section  and  are  made  by  machinery 

^  Diirre,  ZitU  und  Grenzen  der  Elektro-mttallurgie,  p.  207,  Leipzig,  1896. 
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as  already  described  ;  in  this  furnace  they  are  arranged  in  three  tiers^ 
there  being  108  in  each  side  of  the  furnace  block,  or  218  in  all.  The 
adapters  are  shown  at  v,  Fig.  128c.  There  is  a  gas  producer  v,  Figs. 
128«  and  128f/,  at  each  of  the  short  sides  of  the  furnace ;  the  air  for 


Fig.  12Sc. 


plan  at  et-o 


Plan  at  g-^ 


Figs.  128(;  and  12Sf. 


the  combustion  of  the  producer  gas  undergoes  previous  heating  in  the 
walls  of  the  producer  as  indicated  in  the  figures.  The  products  of 
combustion,  after  heating  the  muffles,  escape  through  the  vertical 
flues  w  into  the  main  flues  z  which  communicate  with  the  stacks. 
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Gas  Furnaces  ivith  Regenerators. 

Furnaces  on  the  Siemens  principle  are  used  in  Upper  Silesia,  in 
Freiberg,  in  Cilli  (South  Austria)^  and  in  the  Rhine  Provinces. 
They  require  coal  which  shall  not  be  in  too  small  pieces.  They 
admit  of  the  uniform  heating  of  large  chambers  to  a  very  high 
degree  of  temperature,  and  in  consequence  thereof  cause  an  economy 
of  fuel  and  of  muffles,  and  permit  of  longer  campaigns  than  in  the 
case    of    furnaces    working    without    regenerators.       On    account. 


y 


L 


m 


Fio.  130. 


however,  of  their  high  first  cost,  of  the  necessity  of  employing 
better  qualities  of  coals,  of  the  care  required  in  their  management,  of 
the  readiness  with  which  the  flues  in  the  regenerators  become  stopped 
up,  of  the  difficulties  connected  with  their  heating,  and  of  the  high 
consumption  of  fireproof  material  caused  by  the  regenerators,  the 
application  of  the  Siemens  principle  to  distillation  furnaces  has  been 
greatly  limited,  in  spite  of  the  above-named  advantages.  The 
general  construction  of   a  zinc  distillation  furnace  on  the  Siemens 
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principle  is  shown  in  Figs.  129  and  130.     L  are  the  air  regenerators, 
G  the  gas  regenerators,  g,  g  oxe  the  flues  for  the  admission  of  gas,  and 

/,  /  for  the  admission  of  air  to  their 
respective  regenerators.  The  gas 
and  air,  after  being  heated,  pass 
through  flues,  J  J,  into  the  mixing- 
chamber  F.  The  flame  ascends 
first  in  one  half  of  the  heating 
chamber  r  up  to  the  roof  N,  then 
enters  the  other  half,  where  it 
descends,  passing  finally  to  the  re- 
generators, which  it  traverses,  and 
then  escapes  to  the  stack.  The  dis- 
tillation residues  from  the  muflles 
are  dropped  through  the  inclined 
shafts  a  into  the  vaults  B.  S  is  a 
pocket  for  the  collection  of  flue 
dust,  h  are  iron  frames  which  re- 
place the  partition  tiles  of  the 
recesses.  They  were  designed  by  Cochlovius,^  and  are  shown 
on  a  larger  scale  in  Figs.  131   and  132    (each  pair  of  recesses   is 


Fig.  131. 


¥T 


Fig.  132. 


Fig.  13.3. 


otherwise  separated  by  fireclay  tiles  2  inches  thick,  known  as 
partition  tile.s).  Tlie  front  side  a  h  of  the  frame  is  secured  to 
the    buckstaves    of   the    furnace,  whilst  the  back  portion  c  d  sets 


1  T).  R.  Patent.  No.  0,1-28. 
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against  the  furnace  itself.  The  arch  is  carried  by  the  upper  portion 
a  c  of  the  frame.  Of  the  lower  portion  of  the  frame,  the  portion  d  e 
is  let  into  the  furnace,  whilst  e  f  lies  against  the  floor  of  the  furnace. 
A  cross-bar  h  i  serves  to  stiffen  the  frame.     An  iron  rail  lying  upon 


r-T 


Fig.  135. 


a  projection  k  replaces  the  step  upon  which  the  front  portion  of  the 
adapter  rests. 

The  construction  of  the  older  zinc  distillation  furnaces  at 
Freiberg  is  shown  in  Figs.  133  to  137.  The  regenerators  lie  under 
the  furnace,  and  parallel  to  its  longitudinal  axis.  L  is  one  of  the  air 
regenerators,  G-   one  of  the   gas   regenerators.     The   other   pair   of 
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regenerators  lying  beneath  tlie  other  half  of  the  furnace  is  not 
visible  in  the  figure.  W  is  the  reversing  valve  for  the  gas  and  W 
for  the  air  current.  Ji  are  the  gas  flues,  Y  the  air  flues.  The  gas 
passes  through  A  into  the  regenerator  G,  the  air  through  Y  into  the 
regenerator  Z.  At  the  upper  portion  of  the  regenerator  the  gas 
escapes  lieated  through  8  flues  into  corresponding  vertical  slots, 
whilst  the  air  escapes  at  the  upper  end  of  the  air  regenerator  through 
an  equal  number  of  flues  C/^into  its  corresponding  vertical  slots.  At 
the  top  of  these  slots  the  air  and  gas  mix,  the  flame  thus  produced 
first  surrounding  2  tiers  of  muflles  on  one  side  of  the  furnace,  and 
then  passing  into  the  second  half  of  the  furnace,  where  it  surrounds 
the  muffles  therein  contained,  and  then  escapes  through  the  six  air 
and  gas  slots  in  the  floor  of  the  furnace  into  the  corresponding 
regenerators,  from  which  it  passes  to  the  flue  U.  and  thence  to  the 
stack.     At   definite   intervals — from  half  an  hour  to  an    hour — the 

direction  of  the  air  and  gas 
currents  is  reversed  by  means 
of  the  reversing  valve,  so  that 
gas  and  air  now  ascend  in  the 
second  half  of  the  furnace,  first 
heat  the  muffles  contained 
therein,  and  then  take  their 
way  through  the  first  half  of 
the  furnace  to  the  first  pair 
of  regenerators,  whence  they 
escape  to  the  stack.  The  air 
and  gas  slots  are  prolonged 
downwards  into  chambers  or  pockets  B,  into  which  any  flue  dust 
drops  down,  and  collects.  By  means  of  the  chambers  F  the 
brickwork  which  forms  the  outer  wall  of  the  regenerators  and 
pockets  is  accessible,  so  that  these  can  be  repaired  and  cleaned  out 
when  desired.  iVare  the  muffles,  0  are  the  recesses.  The  number 
of  muffles  in  single  furnaces  of  this  kind  amounts  to  28  to  32,  in 
double  furnaces  to  oG  to  64.  A  furnace  of  this  kind  with  several  tiers 
of  muffles  one  above  the  other,  is  arranged  similarly  to  that  described 
under  Gas  Furnaces  without  Regenerators.  Furnaces  on  the 
Siemens  principle  have  been  used  with  good  results  at  the  Paul  and 
Wilhelmina  Works,  near  Schoppinitz.  The  gas  furnace  with  air 
regenerators  of  Haupt,^  which  are  provided  with  regenerators  along 
each  side  of  the  longitudinal  axis  of  the  furnace,  do  not  seem  to 
have  come  into  use. 


Fig.  137. 


3  into  use. 
'    I).  R.  Patent,  No.  7,425,  Oe-slerr.  Zeitsrhr.,  1S81,  p. 
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The  charges  tor  muffles  are  prepared  in  the  same  way  as  for 
retorts;  calamine  is  not,  liowever,  submitted  to  distillation  in  the 
form  of  powder,  but  in  pieces  of  the  size  of  a  hazel  nut,  so  that  the 
muffle  charge,  which  is  very  much  larger  than  that  for  the  retort, 
shall  not  be  too  compact.  Binon  and  Grandfils  ^  have  also  proposed 
the  employment  of  charges  mixed  with  tar  and  moulded  into  blocks 
for  muffles.  According  to  their  views,  by  the  employment  of  blocks 
moulded  to  the  shape  of  the  muffle,  50  per  cent,  more  charge  can  be 
introduced  into  it  than  by  the  ordinary  method  of  charging.  It  is 
also  claimed  that  in  this  case  the  reduction  takes  place  at  a 
comparatively  low  temperature.  As  far  as  is  known,  however,  these 
proposals  do  not  seem  to  have  received  any  practical  application.  In 
UjDper  Silesia  the  coal  used  for  reduction  is  employed  in  the  form  of 
what  is  known  as  cinder,  that  is  to  say,  after  its  gas  has  been  got  rid 
of.  This  cinder  is  obtained  partly  from  puddling  works,  partly 
collected  below  the  grates  of  the  gas  generators,  and  partly  produced 
in  special  furnaces.  For  instance,  at  the  Hohenlohe,  Kunigunde  and 
Theresia  Works,  in  Upper  Silesia,  coals  of  grain  and  pea  size  are 
heated  in  furnaces,  whereby  they  partly  coke  and  may  agglomerate  a 
little,  according  to  their  quality.  At  the  Paul  and  Wilhelmina  Works 
near  Schoppinitz,  coals  thus  heated  are  also  partially  employed.  In 
many  works  crushed  coke  is  used.  By  driving  the  gas  off  from  coals, 
from  63  to  72  per  cent,  of  the  weight  of  the  latter  is  obtained  as 
cinder.  Of  recent  times  the  quantity  of  cinder  in  the  charge  in 
Upper  Silesia  has  been  continually  on  the  increase  ;  by  these  means 
the  red-hot  particles  of  coal  in  the  charge  are  brought  into  intimate 
contact  with  the  ores,  and  the  formation  of  an  atmosphere  of  carbon 
monoxide  is  at  the  same  time  promoted,  so  that  any  oxidising 
influence  of  carbon  dioxide,  water  vapour  and  air  are  prevented  from 
affecting  the  zinc  vapour.  For  example,  at  the  Wilhelmina  Works, 
the  proportion  of  cinder  amounts  to  almost  50  per  cent,  of  the 
weight  of  the  ore  treated,  or  34"9  per  cent,  of  the  total  fuel  used  in 
the  operation.  The  charge  for  one  muffle  is  at  present  about  2  cwts. 
on  the  average  for  Upper  Silesia,  and  60  to  77  pounds  in  Belgium, 
the  Rhine  Provinces  and  Westphalia. 

Process  of  DistiUatloii 

Before  a  furnace  is  put  into  operation,  it  is  carefully  dried  and 
fired  up  slowly.     In  the  case  of  the  old  Silesian  furnaces,  as  soon  as 

1  Ber<j.  unci  Hiitt.  Ztg.,  1883,  p.  198-211  ;  1882,  p.  531  ;  1881,  ]).  27. 
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the  furnace  has  attained  the  requisite  temperature,  the  mutiies  which 
have  been  raised  to  a  red  heat  in  the  annealing  furnace  are  set  in 
their  places.     The  interspaces  between  the  muffles  and  the  columns 
are  filled  in  with  bricks  and  clay.     The  adapters  are  then  attached 
to  the  muffles,  and  the  openings  in  the  lower  portion   of  the  muffle 
below    the  adapters    are   closed  by   the   tiles  previously  mentioned. 
The  charges  are  then  gradually  introduced  through  an  opening  in  the 
bend  of  the  adapter  by  means  of  a  long  scoop,  which  passes  through 
the  horizontal  portion  of  the  adapter  into  the  muffle.     The  charge  of 
the  muffles,  small  at  first,  is  graduall}'  increased,  until  on  the  seventh 
day  they  are  taking  their  full  charge.    The  muflfles  that  lie  nearest  the 
fire  are  more  heavily  charged  than  those  farther  away  from  it.     After 
the  muflie  has  been  charged,  the  oj)ening  in  tlie  bend  of  the  adapter 
is  closed  by  means  of  a  tile  luted  upon  it ;  the   sheet-iron  doors  in 
front  of  the  recesses  are  closed  ;  and  the  temperature  of  the  furnace 
is  raised  to  whiteness.     Soon  after  the  introduction  of  the  charge, 
under  ordinary  circumstances,  carbon  dioxide,  carbon  monoxide  and 
water  vapour  are  evolved,  and  zinc  fume  is  deposited  in  the  adapters 
as  a  result  of  the  action  of  carbon  dioxide  and  water  vapour  upon 
the  zinc  vapours,  as  also  of  the  high  degree  of  dilution  of  the  latter 
by  the  above-named  gases  ;  in   order  to  prevent  the    adapter   from 
being  clogged,  it  must  be  repeatedly  cleaned  out.    Two  to  three  hours 
after    the   charge    has    been    introduced,    carbon  monoxide  alone  is 
<;ontained    in    the    escaping    gases.     As  there  are  now  no  oxidising 
agents  present,  and  as  zinc  vapour  is  contained  in  large  quantities  in 
the  gas,  condensation  of  zinc  commences,  attains  its  maximum  after 
<5  to  8  hours,  and  remains  stationary  for  another   6  to   8   hours.     It 
then  diminishes,  and  is  concluded  in  a  few   hours  longer.     The  total 
time  of  working  off  a  charge,  including  charging,  occupies  24  hours. 
When  the  distillation  is  complete,  the  front  doors  of  the  recesses  are 
opened,  and  the  tiles  are  removed  from  the  charging  openings.     Any 
fluid    zinc  that  may  still  be  remaining   in   the    horizontal   portion 
of  the  adapter  is  raked   dowm    into    the    condensing  chamber,  and 
the  metal    that   is    solidified    in    the    latter    is    removed.     The  tile 
which    closes    the  muffle  below   the  step  supporting  the  adapter  is 
now  removed  by  means  of  tongs  and  the  resitlues  of  the  distillation 
are  drawn  out  by  means  of  scrapers,  any  accretions  upon  the  sides  of 
the  muffles  being  knocked  off  by  means  of  an  iron  bar.     Muffles  that 
have  become  defective  are  changed,  and  others  which  may  have  been 
cracked,  but  which  arc  still  capable  of  being  rej)aircd,  are  luted  with 
clay.     The  muffles  are  then  charged  afresh.     The  two  rows  of  muffles 
are  either  charged  one  directly  after  the  other  or  else  the  second  row 
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is  charged  some  time,  up  to  <S  hours,  after  the  first,  in  order  to  give 
the  workmen  time  for  a  rest.  By  the  latter  method,  the  uniform 
course  of  the  process  and  the  output  of  zinc  are  interfered  with. 

The    process    of    distillation    when    Belgo-Silesian    furnaces   are 
employed  agrees  with  the  former,  except  as  influenced  by  the  different 
construction  of  tliese  furnaces  as  regards  the  disposition  of  the  muffles 
and  the  character  of  the  adapters.  The  furnaces  are  heated  up  by  means 
of  a  coal  fire  maintained  upon  the  grates  or  in  the  gas  producers. 
Furnaces  on  the  Siemens  principle  are  not  heated  up  by  means  of  the 
jDroducer,  but  by  means  of  a  fire  maintained  upon  a  provisional  grate 
inside  the  furnace  itself.     These  grates  are  arranged  in  two  recesses 
lying  diagonally  opposite  to  each  other,  Avhilst  the  other  recesses  are 
loosely  bricked  up  during  this  period  of  heating  up.      After  three  or 
four  days  the  muffles  are  put  into  their  places,  and  annealed  in  the 
furnace  itself.    After  the  fire  has  been  gradually  increased  for  another 
three  or  four  days,  the  grates  are  removed  and  gas  is  introduced   from 
the   producer,  which  has   been  carefully  warmed  up  and   fired,  the 
requisite  quantity  of  air  for  burning  the  gas  being  at  the  same  time 
admitted.     After  gas-firing  has   thus  been  commenced,  muffles  pre- 
viously heated  to  a  red   heat  are  introduced  into  the  two  recesses, 
which  have  now  been  set  free  for  this  purpose ;  the  muffles  are  then 
bricked  in,  the  adapters  are  attached,  and  the  muffles  charged.     In 
the  case  of  adapters  of  the  bellied  form,  charging  takes  place  through 
the  front  of  the   adapter,   whilst  with    those    having    the  shape   of 
inclined    cylindrical    tubes    or    of    rectangular    boxes,    the    front   of 
which    is  closed  by  a  tile,    or  by  a  clayed   iron  plate,  charging  is 
performed  through  the    apertures    left    when    these    plates   are    re- 
moved.    If  there    are    several    tiers  of  muffles,  the  topmost  tier  of 
muffles    is    charged    first.     The    first    charges    are    very   small  and 
consist  of  readily  reducible  material,  such    as    zinc    fume    and   rich 
residues,  the  charges    being   gradually  increased  up  to  the  normal. 
The  time  of  working  off  a  charge  in  this  furnace  amounts  also  to 
24  hours.     The  temperature  must  be  kept  as  uniform  as  possible 
during  the  process  of  distillation.    Should  it  be  too  high,  uncondensed 
zinc  escapes  through  the  adapters  and  burns  in  contact  with  the  air ; 
if  it  is  too  low,  the  zinc  condenses  as  fume,  which  partly  remains  in 
the  adapters,  and  partly  is  carried  off  by  the  current  of  gas.     In  such 
a  case  the  adapters  in  the  old  Silesian  furnaces  might  possibly  become 
stopped  up  by  solid  zinc.     If  any  of  the  muffles  crack,  zinc  vapour 
may  either  escape  from  the  muffles   into  the  furnace,  or  the  furnace 
gases    may  enter   the    muffle,  according    to    the    ratio    between  the 
pressures  inside  the  furnace  and  inside  the  muffle  respectively.    After 
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the  conclusion  of  distillation,  zinc  is  removed  from  the  adapters,  the 
residues  are  then  raked  out,  the  muffles  are  repaired  or  replaced,  and 
then  charged  once  again.  Zinc  is  raked  out  from  the  bellied  adapters 
and  collected  in  a  ladle  held  beneath  the  latter.  From  the  inclined 
cylindrical  or  rectangular  adapters  the  metal  is  tapped  out  into  iron 
ladles  by  removing  the  front  plate.  By  means  of  these  ladles,  which 
are  provided  with  spouts,  the  fluid  zinc  is  cast  into  moulds.  When 
several  tiers  of  muffles  have  to  be  dealt  with,  the  zinc  is  first  collected 
from  the  uppermost  tier  of  muffles. 

Economic  Results  and  Examples  of  Zinc  Extraction  in 

Muffles 

OLDER    furnaces   FIRED   DIRECT 

Old  Silcsian  Muffle  Fiinwccs 

In  L^pper  Silesia  by  means  of  old  Silesian  furnaces  with  20 
muffles  in  each,  15  cwts.  of  calamine  were  treated  in  24  hours,  in 
furnaces  with  24  and  26  muffles,  18  and  20  cwts,  of  calamine 
respectively.  The  output  of  zinc  from  the  ore  amounted  to  14*07 
per  cent.  For  the  production  of  1  cwt.  of  zinc,  7|  cwts.  of  calamine, 
and  35  cwts.  of  coals  were  required. 
The    muffles  lasted  6  to  8  weeks. 

Belgo-Silesian  Furnaces  Fired  hy  Grates 

At  Valentin  Cocq,  in  Belgium,  furnaces  were  employed  with  24 
muffles  4  feet  4  inches  long,  22  inches  high  and  8f  inches  wide,  as 
also  furnaces  with  32  muffles,  4  feet  7  inches  long,  23f  inches  high  and 
8f  inches  wide.  The  charge  of  the  former  amounted  to  1280  lbs. 
of  calamine  and  3  cwts.  of  coal  for  reduction.  This  charge  was 
treated  in  24  hours,  and  required  36  cwts.  of  coal,  about  8  cwts.  of 
coal  being  consumed  to  1  cwt.  of  zinc.  The  consumption  of  muffles 
amounted  to  041  and  of  adapters  to  2  in  24  hours.  The  32-muffle 
furnaces  received  a  charge  of  2028  lbs.  of  calamine  and  507  lbs.  of 
coal  for  reduction,  the  fuel  consumed  in  24  hours  being  4724  lbs.  = 
6*14  cwts.  for  each  cwt.  of  zinc.  The  consumption  of  muffles  per 
furnace  per  24  hours  amounted  to  0*40,  and  of  adapters  to  2'4.  At 
Letmathe,  near  Iserlohn,  where  blende  is  chiefly  smelted,  there  are 
at  present  (1895),  furnaces  in  use  with  a  combined  step  grate  and 
flat  grate,  which  contain  each  75  oval  muffles  Gi  inches  broad  and 
10  inches  deep  in  the  clear;  (furnaces  on  the  Siemens  principle  were 
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used,  but  have  been  tliscontinued).  To  each  cwt.  of  calcined  ore  42 
to  44  lbs.  of  coal  in  the  form  of  anthracite  is  added.  The  charge  of 
a  Diuffle  amounts  on  the  average  to  ")7  lbs.,  the  period  of  distillation 
amounting  to  23  hours.  A  furnace  with  75  muffles  treats  in  24 
hours  1  ton  3  9  cwts.  of  calcined  ore.  For  each  cwt.  of  zinc  8  to  4 
cwts.  of  fuel  and  1|  cwts.  of  coal  for  reduction  are  employed.  The 
loss  of  zinc  amounts  to  14  to  16  per  cent.  For  a  cwt.  of  zinc  0'4 
CAvt.  of  muffles  are  consumed.  The  labour  employed  per  24  hours 
amounts  to  1  shift  of  24  hours  and  2  shifts  of  10  hours. 

At  the  Silesia  Works,  near  Lipine,^  the  older  furnaces,  working 
with  flat  grates  and  blast  in  the  ashpit,  contained  each  24  muffles,  21*6 
inches  high  and  7'2  inches  broad.  The  charge  of  a  furnace  amounted 
to  4116  lbs.,  yielding  an  output  of  917  lbs.  of  zinc  per  24  hours.  For 
each  cwt.  of  zinc,  48  cubic  feet  of  coals  and  O'lO  muffle  were 
consumed. 

Belgo-Silcsian  Furnaces  Fired  vjitlt  Gas 

Here  w^e  have  to  distinguish  between  furnaces  with  large  muffles 
in  one  tier  used  in  Upper  Silesia,  and  furnaces  with  several  tiers  of 
smaller  muffles  one  above  the  other,  as  used  in  Belgium,  the  Rhine 
Provinces  and  Westphalia.  Modern  furnaces  in  Upper  Silesia  with 
n  single  tier  of  large  muffles,  fired  by  gas,  consume  at  present  some 
10  cwts.  of  coal,  of  which  7  cwts.  is  used  as  fuel,  for  each  cwt.  of  zinc 
produced,  the  charge  containing  20  per  cent,  of  zinc,  and  the  average 
weight  of  charge  to  each  muffle  being  227  lbs.  The  weight  of  coal 
used  for  reduction  amounts  to  about  40  per  cent,  of  the  weight  of 
the  ore,  or  about  2*8  cwts.  per  cwt.  of  zinc.  Of  this  coal,  1  cwt. 
consists  of  cinders  or  of  coke  from  the  gas  producers.  In  1870, 
the  consumption  of  coal  amounted  to  19'16  cwts.,  and  in  1880  to 
12-41  cwts.  per  cwt.  of  zinc.  Rather  less  than  4  cwts.  of  clay  are 
consumed  to  each  ton  of  zinc.  For  each  13  or  14  muffles  1  work- 
man is  required  per  24  hours,  or  4  to  5  men  for  the  production  of 
1  ton  of  zinc  in  this  time.  The  loss  of  zinc  amounts  to  25  to  30  per 
cent.  The  residues  of  distillation  contain  3  to  3"5  per  cent,  of  zinc. 
Of  the  above  loss,  12  to  15  per  cent,  is  due  to  the  zinc  retained  in 
the  residues  and  10  to  15  per  cent,  to  volatilisation.  Each  muffle 
yields  10  to  12  cwts.  of  crude  zinc. 

The  modern  Silesian  furnaces  in  Belgium,  the  Rhine  Provinces 
and  WestjDhalia,  the  Belgo-Silesian  furnaces  proper,  consume  3  to  4 
tons  of  coals  for  reduction  and  fuel,  and  about  4  cwts.  of  clay  to  each 
ton  of  zinc,   employing  ores  containing  50  per  cent,  of  zinc,  and  a 

1   Ber(j.  und  Hidt.  ZUj.,  1867,  p.  340. 
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charge  of  75  lbs.  in  encli  muffle.  One  man  is  required  fur  every  IS 
to  14  muffles  per  24  hours  =  4  to  5  men  per  ton  of  zinc  in  this 
period.  In  the  older  furnaces,  6  to  7  tons  of  coals  used  to  be  con- 
sumed for  each  ton  of  zinc  produced.  The  loss  of  zinc  varies  from  0 
to  15  per  cent. 

At  the  Hoheulohe  Works,  in  Upper  Silesia,  where  single  storied 
furnaces,  shown  above  in  Figs.  124  and  125,  with  32  muffles  are  used, 
each  22  inches  high,  6  inches  wide,  4  feet  9  inches  long  over  the  gas 
shafts,  the  others  being  5  feet  5  inches  long,  the  charge  consists  of 
17  cwts.  of  calcined  blende,  containing  42  to  45  per  cent,  of  zinc,  5 
cwts.  of  calamine  in  small  pieces,  containing  26  to  82  per  cent,  of 
zinc  and  21  cwt.  of  calamine  slimes,  containing  14  to  16  per  cent,  of 
zinc,  or  altogether  2-8  tons  of  ore ;  the  yield  in  24  hours  amounts  to 
1080  lbs.  of  zinc.  During  this  period  3  tons  7  cwts.  of  coal  were  con- 
sumed in  the  process,  or 
h  s  6-88  lbs.  of  fuel  to  the  lb. 

of  crude  zinc. 

At  the  Silesia  Works, 
near  Lipine,^  there  are 
at  present  (1895)  fur- 
naces in  use,  which  are 
built  with  2  gas  shafts, 
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Fig.  139.  Fig.  138.  to  caiTy  82  to  40  muffles, 

16  or  20  respectively  on 
either  side.  There  is  a  separate  producer  to  each  furnace.  The 
air  employed  for  combustion  is  blown  in  by  means  of  a  fan  and 
mixed  with  gas,  1  foot  8  inches  below  the  upper  edge  of  the 
shafts.  The  dimensions  of  the  muffles  and  their  thicknesses  are 
shown  in  Figs.  188  and  189.  The  mixture  of  which  the  muffles 
are  composed  consists  of  37  to  40  parts  of  ra^v  clay  and  60  to 
63  parts  of  fragments  of  muffles  and  burnt  clay  shale.  The  raw 
clay  is  obtained  partly  from  Briesen,  in  Moravia,  partly  from 
Saarau,  in  Silesia.  The  clay  shale  is  obtained  from  Neurode  and 
Mittelsteine,  in  Silesia.  The  fragments  of  muffles  are  obtained 
by  grinding  old  muffles  down  to  a  mesh  of  0-28  to  027  inch.  The 
charge  consists  of  25  to  45  parts  of  calamine  and  75  to  55  parts  of 
calcined  blende,  according  to  the  quantities  of  these  respective  ores 
that  may  happen  to  be  available.  The  reducing  agent  consists  of 
cinders,  the  quantity  of  which  amounts  to  45  to  47  per  cent,  of  the 
weight  of  the  ores.  The  charge  for  a  muffle  amounts  to  198  lbs. 
The  period  occupied   in  distillation  is   16  to  17  hours,  that  for  the 

'  Kimlly  coniiiuinicatefl  Ky  the  factory  inspector,  Scherl)cning,  of  Lipiiie. 
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remaiiiing  operations  7  to  8  hours.  A  inufHe  will  last  between  35 
and  47  days,  depending  chiefly  upon  the  age  of  the  furnace,  and 
therefore  upon  the  greater  or  lesser  solidity  of  the  muffle  seat,  and 
upon  the  ratio  of  zinc  blende  contained  in  the  charge,  zinc  blende 
requiring  a  higher  temperature  than  calamine.  The  output  of  a 
furnace  in  2-1  hours  amounts  to  6,350  lbs.  of  ore  for  32  muffles,  and 
7,040  lbs.  for  40.  The  consumption  of  fuel  per  ton  of  ore  varies 
from  1  to  1"2  tons;  per  ton  of  zinc  it  amounts  to  5'5  tons.  The  fuel 
used  is  partly  duff,  partly  very  slaty  coarse  coal;  the  consumption  of 
reducing  agent  amounts  to  2  tons  per  ton  of  zinc,  and  the  consump- 
tion of  muffles  to  2  per  ton  of  zinc.  The  output  of  zinc  is  77  to  80 
per  cent,  of  that  present  in  the  ore,  or  20  per  cent,  of  the  weight  of 
the  latter.     The  loss  of  zinc  varies  from  20  to  28  per  cent. 

At  the  Paul  Works,  near  Rosdzin,  there  are  at  present  (1895)  in 
use  Siemens  furnaces  and  gas-fired  furnaces  using  blast  in  the  ashpit. 
Each  furnace  has  its  own  producer  and  one  or  two  heating  shafts. 
The  number  of  muffles  amounts  to  32,  Air  is  introduced  below  the 
grate  of  the  producer  by  means  of  a  fan  in  order  to  generate  gas,  as 
also  under  the  body  of  the  furnace  to  burn  the  gases.  The  muffles, 
are  made  of  a  mixture  of  Qo  per  cent,  of  clay  and  35  per  cent,  of 
muffle  fragments.  The  ore  mixture  contains  30  per  cent,  of  calcined 
blende  and  70  per  cent,  of  calcined  calamine  ;  the  reducing  agent — 
cinder — amounts  to  40  per  cent,  of  the  weight  of  the  ore.  Each 
muffle  takes  a  charge  of  2  cwts.  The  time  required  for  treating  a 
charge,  including  recharging  the  muffles,  is  24  hours.  The  muffles 
will  stand  from  40  to  50  days.  A  furnace  with  32  muffles  will  treat 
on  the  average  8  tons  of  ore  in  24  hours,  extracting  8  to  10  cwts.  of 
zinc.  The  consumption  of  fuel  in  this  time  amounts  to  about  4  tons, 
=  1'33  tons  of  coal  per  ton  of  ore,  or  8  to  10  parts  of  coal  to  1  part 
of  zinc.  The  output  of  zinc  is  about  13  per  cent,  of  the  weight  of 
the  ore,  the  loss  of  zinc  amounting  to  21  per  cent. 

At  the  works  of  the  Berzelius  Company,  near  Gladbach,  there  are 
3  tiers  of  small  muffles ;  a  furnace  block  holds  208,  which  are  emptied 
every  24  hours,  there  being  12  men  engaged  during  that  time.  The 
charge  consists  of  calcined  blende,  containing  52  per  cent,  of  zinc,  and 
of  cinder.  Each  muffle  receives  a  charge  of  55  pounds  of  ore  and  IS 
pounds  of  cinder.  The  charge  for  the  furnace  amounts  to  5'2  tons  of 
ore  and  1*664  tons  of  cinder,  the  output  per  24  hours  amounting  to 
2'4  tons  of  zinc,  with  a  loss  of  10  to  13  per  cent.  Muffles  will  last 
from  45  to  60  charges.  For  each  cwt.  of  zinc  3"9  cwts,  of  coal  for 
fuel  and  for  reduction  are  consumed. 

At  the  Neumlihl-Hamborn  Works,  near  Oberhausen,  furnaces  are 
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employed  with  producers  in  which  the  air  is  heated.  These  furnaces 
are  double  furnaces  containing  on  each  side  3  tiers  of  muffles,  each 
row  containing  42  muffles,  and  each  side  of  the  furnace  126,  so  that 
the  entire  furnace  takes  252  muffles.  Each  such  furnace  has  2  pro- 
<lucers,  one  at  either  end.  The  muffles  are  upon  the  average  4  feet 
7  inches  long,  6]  inches  broad  and  12  inches  high  in  the  clear,  and 
are  made  of  a  mixture  of  about  30  parts  of  calcined  Belgian  clay,  35 
parts  of  raw  Belgian  clay,  and  5  parts  of  coke.  The  charge  consists 
chiefly  of  calcined  blende,  containing  53  to  55  per  cent,  of  zinc.  The 
coal  used  as  a  reducing  agent,  amounting  to  40  to  42  per  cent,  of  the 
weight  of  the  calcined  ore,  consists  of  coarse  .siftings  from  the  lean 
coal  of  the  basin  of  the  Ruhr.  The  charge  for  a  muffle  consists  of  6(3 
to  73  pounds  of  ore  and  29  pounds  of  coal,  as  also  of  a  small  quantity 
of  skimmings  and  residues.  The  total  charge  for  a  double  furnace  con- 
sists of  7'6  to  8  tons  of  ore,  exclusive  of  the  skimmings  and  residues 
of  the  previous  day.  The  distillation  lasts  10  hours,  5  hours  being- 
employed  in  cleaning  up  and  charging.  The  consumption  of  fuel 
amounts  to  12  tons  per  furnace  per  24  hours;  this  fuel  is  a  coal 
slack  giving  a  long  flame  and  containing  22  per  cent,  of  ash.  With 
a  good  quality  of  coal,  such  as  is  being  used  in  other  works  in  the 
Rhine  Provinces  and  Westphalia,  one-third  less  coal  would  be 
required.  For  each  ton  of  zinc  3'6  tons  of  coal  are  used  for  fuel  and 
<l'88  for  reduction.  A  muffle  lasts  30  days  on  the  average,  8  muffles 
being  destroyed  per  day  per  furnace.  During  6  hours  in  which  the 
muffles  are  being  emptied  and  rechai'ged  12  men  are  engaged ; 
during  the  period  of  reduction  '2  men,  who  work  a  12-honr  shift. 

Furnaces  v:ith  Refjencrators 

Furnaces  are  in  use,  both  on  the  Siemens  principle  with  gas  and 
air  regenerators,  as  also  furnaces  with  air  regenerators  only.  The 
<listillation  furnace  at  Freiberg,  on  the  Siemens  principle,  has  32 
muffles  disposed  in  two  rows  of  IG  each  ;  they  are  5  feet  2  inches 
long,  9^  inches  wide,  and  19;^  inches  high.  The  charge  for  a  muffle 
consists  of  1  cwt.  of  calcined  blende,  containing  33  per  cent,  of  zinc, 
and  25  per  cent,  of  lignite  coke.  The  process  of  distillation  lasts  24 
hours,  the  consumption  per  cwt.  of  blende  amounting  to  53  cubic  feet 
of  fuel.  The  Aveekly  output  of  the  furnace  is  2^  tons  of  zinc  and  5 
owts.  of  zinc  fume,  containing  90  per  cent,  of  zinc.  The  output  of 
zinc  amounts  to  70  per  cent.  The  distillation  residues  contain  10 
])er  cent,  of  zinc;  they  carry  silver  and  are  smelted  with  lead  for  the 
<jxtraction  of  the  silver. 
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At  the  Birkengaug  Works,  near  Stolberg,  furnaces  on  the  Siemens 
principle  are  now  in  use  (1895)  containing  3  tiers  of  muffles.  They 
are  built  together  in  pairs,  their  longer  sides  adjoining.  Each  row 
<3onsists  of  IS  mufHes,  so  tiiat  the  double  furnace  contains  54  muffles 
on  either  side  or  108  altogether.  The  charge  consists  chiefly  of 
blende,  and  contains  52  to  53  per  cent,  of  zinc,  37  to  38  per  cent,  of 
lean  coal  being  added  as  a  reducing  agent.  The  total  ore  charge  ol 
n  double  furnace  amounts  to  4'9  tons.  The  distillation  lasts  24  hours, 
1"2  tons  of  fuel  beins  consumed  to  each  ton  of  ore.  The  men 
employed  per  furnace  per  24  liours  number  10;  they  work  12-hour 
shifts.  A  muffle,  composed  of  two-thirds  of  burnt  and  one-third  of 
raw  clay,  lasts  on  the  average  40  days. 

At  the  Paul  Works,  near  Rosdzin,  Siemens  furnaces  are  vised 
carrying  60  to  72  muffles,  5  feet  7  inches  to  5  feet  11  inches  long. 
Two  producers  are  attached  to  each  furnace.  The  muffles  are  made 
of  a  mixture  of  65  per  cent,  of  clay  and  35  per  cent,  of  fragments  of 
•old  muffles.  The  ore  charge  consists  of  30  per  cent,  of  blende  and  70 
per  cent,  of  calamine,  the  reducing  agent — cinder — amounting  to  40 
per  cent,  of  the  weight  of  the  ore.  Tlie  charge  for  a  muffle  consists 
of  220  to  242  pounds.  The  total  period  of  distillation,  including  the 
necessary  operations,  amounts  to  24  hours.  A  muffle  lasts  40  to  60 
days  on  the  average.  A  furnace  with  60  muffles  treats  6  tons  of  ore 
in  24  hours,  extracting  about  1  ton  of  zinc.  The  consumption  of  fuel 
during  this  period  amounts  to  6'1  tons,  =1016  ton  per  ton  of  ore,  or 
<3'1  tons  per  ton  of  zinc.  The  consumption  of  cinder  for  reduction 
amounts  to  8  cwts.  per  ton  of  ore,  or  2'4  tons  to  the  ton  of  zinc. 
The  consumption  of  muffles  amounts  to  1"35  per  ton  of  zinc.  The 
output  of  zinc  is  13  per  cent,  of  the  weight  of  the  ores.  The  Siemens 
furnaces  require  a  better  quality  of  fuel  than  is  needed  for  ordinary 
lurnaces  using  blast  in  the  ashpit ;  the  former,  however,  work  more 
uniformly  and  consume  less  fuel  than  do  the  latter.  The  advantages 
of  the  Siemens  furnace  are  shown  from  the  following  table  of  the 
working  results  of  the  grate-fired  furnace  and  the  Siemens  furnace 
.at  the  Paul  Works  for  the  year  1895  : — 

Grate  Furnace  with        Siemens  Furnace  with 

32  JIuffles.  (iO  Muffles, 

tons.  tons. 

Ore  treated  per  furnace  per  2-i  hours  ...    3  <i 

Consumption  of  fuel  per  ton  of  ore      .    .    .     1"33  l'Ul(i 

Consumption  of  mutHes  per  5  tons  of  ore  .     1  '6  1  '0 

Percentage  of  zinc  extracted  from  the  ore  .13  13 

At  the  Cilli  Works,^  a  furnace  on  the  Siemens  principle  contains 

136  muffles.     These  muffles,  made  of  a  mixture  of  one-third  of  raw 

1  J3<rg.  und  Iltiff.  Zfg.,  1884,  p.  31. 
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and  two-thirds  of  burnt  clay,  are  IGJ,  inches  high  and  8  inches  wide. 
The  charge  for  each  muffle  amounts  to  77  lbs. ;  the  reducing  agent 
consists  of  a  mixture  of  cinder  and  lignite  from  Fiinfkirchen.  The 
fuel  is  a  mixture  of  coal  and  lignite.  There  are  three  jDroducers  to 
each  furnace.  Distillation  lasts  24  hours,  and  the  zinc  contents  of 
the  residues  amount  to  4  to  5  per  cent. 

At  Stolberg  there  are  furnaces  which  have  regenerators  for  air 
only.  At  the  Birkengang  Works  furnaces  with  air  regenerators  are 
in  use  (in  1895).  Like  the  Siemens  furnace  in  use  in  the  same  place 
each  half  of  the  double  furnace  contains  three  tiers  of  18  muffles  each. 
The  charges,  the  practical  results,  and  the  process  are  the  same  as  in 
the  case  of  the  Siemens  furnace. 

At  the  Munsterbusch  Works,  near  Stolberg,  furnaces  are  also  at 
work  (in  1895)  provided  with  air  regenerators.  To  each  furnace 
block  there  are  two  j)roducers,  one  at  either  end.  There  are  three 
tiers  of  muffles  of  80  each,  or  240  altogether.  The  latter  are  4  feet  to  4 
feet  7  inches  long,  and  take  a  charge  of  75  lbs.  of  calcined  ore  and 
31  lbs.  of  coal.  They  are  made  of  a  mixture  of  60  per  cent,  of  burnt 
and  40  per  cent,  of  raw  Belgian  clay,  to  which  coke  dust  is  added, 
The  zinc  contents  of  the  charge  amount  to  52  to  54  per  cent.,  a  lean 
coal  being  used  as  the  reducing  agent,  and  its  weight  being  40  per 
cent,  of  that  of  the  calcined  ore.  The  time  required  for  distillation, 
including  that  of  charging,  is  24  hours.  Each  block  will  treat  some 
8  tons  of  calcined  ore  in  this  time,  with  a  consumption  of  8'5  to  9"2 
tons  of  coal  as  fuel.  For  1  ton  of  zinc  about  2*5  tons  of  coal  are  used 
for  fuel  and  1  ton  for  reduction.  A  muffle  will  last  according  to  the 
quantity  of  iron  and  coke  contained  in  the  charge,  from  40  to  50  days. 
A  furnace  block  with  2i0  muffles  requires  14  furnacemen,  working 
for  8  hours,  2  firemen  working  for  12  hours,  2  lads  working  for  12 
hours,  and  1  labourer  for  wheeling  ore,  coal  and  residues. 

Losses  of  Zinc  in  Treating  Zinc  Ores  in  Retorts  and  Muffles 

As  has  been  repeatedly  stated,  the  losses  of  zinc  in  the  process  of 
distillation  are  very  high  compared  to  the  losses  in  the  extraction  of 
other  metals.  They  amount  to  10  to  25  per  cent,  of  the  zinc  contents 
of  the  ore,  and  only  in  very  exceptional  cases  fall  below  10  per  cent. 
In  the  Ehine  Provinces,  Westphalia  and  Belgium,  where  ores 
averaging  45  per  cent,  of  zinc  are  treated  in  retorts  and  small 
muffles,  the  losses  average  some  12  per  cent,  of  the  zinc  contents  of 
the  ore.  In  Upper  Silesia,  where  ores  containing  20  per  cent,  of  zinc 
are  worked  in  large  muffles,  they  amount  to  25  per  cent,  of  the  zinc 
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contents  of  the  ore.  In  Freiberff,  where  blende  containincf  30  to  '31 
per  cent,  of  zinc  is  worked  in  small  Silesian  muffles,  they  amount  to 
1 8  per  cent.  The  loss  of  zinc  at  the  works  of  the  Vieille  Montagne 
at  Anglcur,  in  Belgium,  amounts  to  10  per  cent. ;  at  tlie  Bleyberg 
works,  in  Belgium,  to  13  to  14  per  cent.;  at  Mtinsterbusch,  near 
Stolberg,  to  10  per  cent. ;  at  Bergisch-Gladbach  to  10  to  13  per  cent. ; 
at  the  Wilhelmina  Works  in  Upper  Silesia  to  21  per  cent.  ;  and  at 
many  other  works  in  that  district  to  25  per  cent.  These  losses  are 
due  to  the  passage  of  zinc  into  the  material  of  which  the  retorts 
consist,  the  escape  of  zinc  through  the  pores  of  the  retorts,  and 
through  cracks  in  the  retorts,  or  from  the  retort  breaking  completely, 
through  the  escape  of  uncondensed  zinc  out  of  the  adapters,  through 
zinc  remaining  behind  in  the  retort  residues,  and  through  the  escape 
of  zinc  vapours  when  the  residues  are  being  removed  from  the  retorts- 
Retorts  newly  introduced  into  the  furnace  only  give  their  normal 
output  of  zinc  after  the  lapse  of  several  days,  because  their  walls 
absorb  a  certain  quantity  of  zinc  at  first.  This  metal  combines  with 
the  clay  of  the  retort  to  form  an  aluminate — an  artificial  zinc  spinel- 
This  compound  gives  the  material  of  the  retorts  the  well-known  blue 
colour.  The  average  zinc  contents  of  old  retorts,  no  longer  fit  for  use, 
amounts  to  6  per  cent.  It  may,  how^ever,  as  has  been  shown  at  the 
Bethlehem  Works  in  Pennsylvania,  rise  to  21  per  cent.  By  the 
addition  of  coke  to  the  material  of  which  the  retorts  are  made,  and  to 
their  manufacture  under  heavy  pressure,  the  absorption  of  zinc  has 
been  greatly  reduced  at  the  works  on  the  Rhine  and  in  Belgium. 
Retorts,  especially  when  not  made  under  heavy  pressure,  are  porous 
and  allow  zinc  vapour  to  escape  through  their  pores  owing  to  the 
pressure  in  the  retort  during  the  processes  of  distillation.  These 
vapours  escape  into  the  furnace  and  pass  away  with  the  products  of 
combustion.  If  the  pressure  in  the  retorts  is  low,  and  that  of  the 
burning  gases  inside  the  furnace  high,  these  gases  and  air  penetrate  into 
the  retorts  through  the  walls  of  the  latter,  and  exert  an  oxidisincj  action 
upon  the  zinc  vapours  in  consequence  of  the  oxygen  and  carbon  dioxide 
which  they  contain.  In  order  to  avoid  these  defects,  the  retorts  have 
been  glazed,  but  this  method  has  been  shown  to  be  less  effective  than 
that  of  manufacturing  retorts  under  hydraulic  pressure.  In  fact,  this 
method  of  manufacturing  retorts  must  be  looked  upon  as  an  important 
improvement  in  the  direction  of  diminishing  the  losses  of  zinc  due 
to  the  jjorosity  of  the  retorts.  Great  losses  of  zinc  are  caused  by 
the  cracking  or  breaking  of  the  retorts,  as  in  these  cases  zinc  vapours 
escape  freely  from  the  retorts  into  the  furnace,  and  where  regenerators 
are  used,  may  cause  the  passages  in  the  latter  to  be  stopped  up.     Tha 
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loss  of  zinc  clue  to  this  cause  is  greater,  the  lower  the  durability  (»f 
the  retorts.  Upon  the  average,  retorts,  as  also  both  small  and  largo 
muffles,  last  some  40  days.  Out  of  100  retorts  in  use,  2  are  broken 
per  diem  at  Angleur  in  Belgium  ;  3  in  Ampsin  in  Belgium  ;  2  (small 
muffles)  at  Miinsterbusch  ;  2*5  (large  muffles)  at  Hohenlohe ;  2"() 
(large  muffles)  at  the  Silesia  Works  in  Lipine.  The  fact  that  retorts 
find  small  muffles  manufactured  under  pressure  in  Belgium  and  the 
Rhine  districts  are  not  more  durable  than  the  large  ones  made  by 
hand  in  Silesia  is  due  to  the  circumstance  that  retorts  and  small 
muffles  are  only  supported  at  their  tAvo  ends  and  have  to  resist  a  very 
intense  heat.  Nevertheless  the  durability  of  retorts  and  small 
muffles  is  increased  markedly,  in  consequence  of  this  method  of 
manufacture,  seeing  that  their  average  life  used  formerly  only  to  be 
25  days.  The  loss  of  zinc  due  to  the  escape  of  its  vapour  from  the 
adapter  has  been  diminished  to  some  extent  by  improvements  in  the 
latter,  such  as  those  of  Kleemann,  Dagner  and  Steger,  but  is  still  very 
considerable.  The  loss  due  to  the  escape  of  zinc  vapour  from  the  retorts 
whilst  the  residues  are  being  removed  from  the  latter  has  not  been 
avoided  up  to  the  present.  It  is  generally  assumed  that  the  loss  due 
to  volatilisation  of  zinc  owing  to  the  above  causes,  amounts  to  half  of 
the  total  loss.  The  loss  of  zinc  due  to  the  remaining  of  metal  in  the 
distillation  residues  in  the  retorts  is  also  very  high,  seeing  that  these 
contain  2  to  8  per  cent,  of  zinc.  This  loss  is  greater,  the  less  the 
zinc  contents  of  the  ore.  In  Upper  Silesia,  where  the  average 
proportion  of  zinc  in  the  ore  treated  amounts  to  20  ])er  cent.,  the 
retort  residues  are  not  allowed  to  retain  more  than  3  to  4  per  cent,  of 
zinc ;  whilst  in  Belgium  and  the  Khine  Provinces,  where  the  ores 
average  45  per  cent,  of  zinc,  it  may  average  4  to  5  per  cent.  The 
zinc  which  enters  the  retorts  in  the  form  of  sulphide  is  not  reduced, 
and  therefore  increases  the  zinc  contents  of  the  residues.  Dead 
roasting  of  zinc  blende  is  therefore  an  indispensable  condition  for 
good  working.  In  spite  of  the  very  high  losses  of  zinc  wdiich  still 
obtain,  the  advances  that  have  been  made  towards  their  diminution 
deserve  recognition  ;  and  it  must  not  be  forgotten  that  whilst  in 
the  Rhine  Provinces,  Belgium  and  Westphalia,  where  retorts  and 
small  muffles  are  used,  treating  ores  with  45  per  cent,  of  zinc,  the 
loss  of  zinc  with  good  working  formerly  amounted  to  IS  to  22  per 
cent.,  at  present  it  does  not  exceed  12  to  18  per  cent.  On  account  of 
the  poorer  ore  treated  in  Upper  Silesia,  the  losses  in  that  Province 
are  naturally  far  higher  than  on  the  Rhine  or  in  Belgium.  If  the 
zinc  contents  in  the  distillation  residues  be  assumed  as  averasrinof  4 
])er  cent.,  as  is  the  case  on  the  Rhine  and  in  Silesia,  the  ores   of  the 
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Rhine  containing  40  per  cent,  of  zinc  would  thus  lose  10  per  cent., 
whilst  in  Upper  Silesia,  where  the  charge  contains  a  minimum  of  18 
per  cent.,  tlie  loss  would  amount  to  23  per  cent. 

D((l((  fur  CaJcuh'tiiin  tlic  Cusi  of  the  Distillation  of  Zinc 

The  costs  of  zinc  distillation  comprise  the  costs  of  fuel,  clay, 
wages  and  repairs.  Under  the  Belgian  method,  ores  containing  50 
per  cent,  of  zinc  are  treated,  and  with  a  charge  of  63  lbs.  per  retort 
3  to  4  tons  of  coal  are  at  present  consumed  per  ton  of  zinc,  whereas 
the  consumption  formerly  amounted  to  7  to  8  tons.  The  consump- 
tion of  fireclay  amounts  to  4  cwts.  per  ton  of  zinc,  including  the  clay 
required  for  retorts,  adapters,  firebricks  and  furnace  repairs.  One 
man  is  required  per  24  hours  to  each  14  retorts,  or  5'8  men  to  the 
ton  of  zinc.  In  the  Belgo-Silesian  process,  with  several  tiers  of 
small  muffles  one  above  the  other,  taking  charges  of  75  lbs.  per 
muffle,  in  Belgium,  the  Rhine  Provinces  and  Westphalia,  ores  with 
40  to  50  per  cent,  of  zinc  consume  the  same  amounts  of  coal  and 
fireclay  per  ton  of  zinc  as  in  the  Belgian  furnace.  One  man  is 
required  per  24  hours  for  13'3  muffles,  or  4'8  men  to  the  ton  of  zinc. 
In  the  Belgo-Silesian  process,  with  large  muffles  lying  in  one  ro^v, 
and  taking  charges  of  227  lbs.  each,  the  ores  averaging  20  per  cent, 
of  zinc,  the  actual  consumption  of  coal  used  per  ton  of  zinc,  includ- 
ing that  required  for  reduction,  amounts  to  10  tons,  of  which  7  are 
consumed  in  heating.  The  consumption  of  clay  is  somewhat  less 
than  in  Belgium  and  on  the  Rhine,  being  about  4  cwts.  per  ton.  In 
24  hours  1  man  is  required  for  every  13*6  muffles,  or  4*5  men  for 
1  ton  of  zinc.  With  regard  to  the  labour  required  about  the  furnaces 
of  the  various  systems,  it  must  be  remembered  that  after  the  furnace 
has  been  emptied,  cleaned  and  re-charged,  which  takes  place  once 
in  24  hours,  it  also  requires  firing,  and  wheeling  in  ore  and  coal,  as 
also  wheeling  out  the  various  products  and  residues.  Emptying, 
cleaning,  and  re-charging  the  muffles  of  a  furnace  takes,  for  example, 
6  to  8  hours  for  a  Belgo-Silesian  furnace,  so  that  the  working  time 
of  the  actual  farnacemen  does  not  much  exceed  this  period.  A 
Belgo-Silesian  furnace  block,  containing  200  to  240  retorts,  would 
require,  for  example,  per  24  hours,  12  to  14  furnacemen  working  6 
to  8  hours  each;  2  firemen,  1  per  12  hours;  2  helpers,  1  per  12 
hours ;  and  1  labourer  for  wheeling  in  and  wheeling  out  various 
materials,  Avorking  12  hours.  This  makes  17  to  19  workmen  for 
240  retorts  per  24  hours,  or  1  man  for  126  to  14  retorts.  The 
conditions  in  Belgium  and  Upper  Silesia  are  somewhat  similar. 
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Extraction  of  Zinc  fro:\[  Furnace  Puodl'cts 

The  furnace  products  rich  in  zinc  which  form  the  object  of  zinc 
extraction  are  the  following  : — Zinc  fume  {I'^oussicre) ;  zinciferous  flue 
dust ;  residues  from  the  adapters  and  distillation  apparatus  ;  so-called 
furnace  calamine,  or  furnace  accretions  and  deposits  containing  zinc, 
■which  form  when  lead,  copper,  silver  and  iron  ores  containing  zinc 
are  smelted;  zinciferous  skimmings,  and  calcined  zinciferous  silver 
ores.  Among  the  bye-products  may  be  named  zinc-silver  alloys,  zinc- 
lead-silver  alloys,  and  zinc-copper-lead-silver  alloys.  As  a  rule  these 
substances,  with  the  exception  of  the  various  alloys  of  zinc  with  lead 
and  the  noble  metals,  from  which  the  zinc  is  obtained  as  a  bye-pro- 
duct, are  added  to  the  charge  during  the  zinc  distillation,  if  necessary 
after  undergoing  suitable  preparation.  The  above  substances  are  but 
rarely  treated  by  themselves  in  the  retorts  of  zinc  distillation  furnaces, 
as  a  less  pure  zinc  would  thus  be  produced.  Zinc  fume  is  treated  in 
some  works  in  special  furnaces  for  the  extraction  of  zinc  ;  zinc  fume, 
or  poussiere,  is  pulverulent  metallic  zinc,  which  generally  contains 
certain  amounts — 8  to  10  per  cent. — of  oxide  of  zinc,  as  also  cadmium, 
arsenic,  antimony,  lead  and  other  substances  volatilised  from  the 
charse  of  the  zinc  distillation  furnace.  The  zinc  oxide  mixed  with 
it  is  due  to  the  action  of  air  and  moisture  upon  the  finely  divided 
metallic  zinc  at  the  commencement  of  the  process  of  distillation. 
This  zinc  fume  is  found  in  the  adapters,  nozzles  and  other  condensing 
arrangements  of  the  distillation  furnace.  It  is  generally  added  to 
the  charge  of  the  distillation  furnace  in  such  proportion  that  its 
impurities  may  be  distributed  over  large  quantities  of  zinc,  and  thus 
have  a  less  injurious  effect  upon  the  properties  of  the  metal.  On 
account  of  its  easy  reducibility,  it  is  treated  in  those  vessels  which 
are  least  exposed  to  the  action  of  heat.  If  zinc  fume  is  treated  by 
itself  in  distillation  furnaces,  zinc  of  an  inferior  quality  is  obtained, 
which  is  either  mixed  in  with  larger  quantities  of  pure  zinc,  or  is 
sent  into  the  market  as  zinc  of  an  inferior  quality.  In  this  case  the 
zinc  fume  is  charged  either  into  the  less  strongly  heated  vessels  in  the 
distillation  furnace — that  is  to  say,  in  the  case  of  Silesian  furnaces 
with  several  tiers  of  muffles  into  the  lowermost  muffles,  or  in  the  case 
of  single  Belgian  furnaces  into  the  topmost  tier — or  else  it  is  treated 
when  considerable  quantities  have  accumulated  by  itself  in  ordinary 
distillation  furnaces,  the  vessels  in  which,  in  this  case,  are  charged 
for  a  certain  time  with  zinc  fume  alone. 

According  to  Massart,^  at  the  works  of  the  Nouvelle  Montagne  at 
^  7?ec.  Univers.  cles  Mines,  vol.  xxx.,  p.  201. 
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Engis,  in  Belgium,  there  were  produced  during  a  38  day  camioaign 
-of  the  distillation  furnaces  from  43  tons  IG  cwts.  of  zinc  fume,  con- 
■taining  81  per  cent,  of  zinc,  33  tons  141  cwts.  of  crude  zinc,  with  a 
loss  of  zinc  of  5  per  cent.,  and  a  consumption  of  3,220  cubic  feet  of 
coal  for  fuel,  and  537  cubic  feet  for  reduction.  The  furnace  treated 
'24  cwts.  of  zinc  fume  and  14  cubic  feet  of  coal  in  24  hours.  Before 
charging  the  furnace  was  cooled  down  to  a  dull  red  heat ;  during 
the  distillation  the  fire  was  kept  moderately  low  in  order  to  prevent 
iihe  charge  from  becoming  pasty,  as  happens  when  the  temperature 
is  higher.  The  condensed  zinc  was  removed  7  times  per  day  from 
the  adapters  ;  in  order  to  prevent  zinc  from  running  out  from  the 
adapters,  the   nozzles   had  to  be  removed  from  the  latter,  and  they 


Fig.  140. 


were  plugged  by  means  of  clay.  A  .special  method  of  extracting  zinc 
from  zinc  fume,  which  has,  however,  been  given  up  at  the  present 
day  at  most  zinc  works,  consists  in  melting  the  zinc  out  of  the 
fume  in  the  so-called  Montefiore  furnace.  This  can  be  done  by  pres- 
sing together  at  a  moderately  high  temperature  the  separate  fluid 
particles  of  zinc,  when  they  unite  to  a  fluid  mass,  only  retaining 
small  quantities  of  oxide  of  zinc,  whilst  the  greater  portion  of  the 
oxide  is  separated  out.  The  melting  is  performed  in  furnaces  con- 
taining two  rows  of  vertical  muffles  made  in  the  shape  of  a  boot  open 
at  the  toes.  After  the  zinc  fume  has  been  charged,  a  clay  piston 
attached  to  an  iron  rod  is  inserted  into  the  les  of  the  boot.  Bv  the 
pressure  of  this  piston  upon  the  heated  zinc  fume,  fluid  zinc  is 
•  expressed  from  it,  and  flows  out  through  the  openings  at  the  toe  of 
the  boot.  The  construction  of  these  furnaces,  known  as  the  Monte- 
>fiore  furnace,  after  their  inventor,  is  shown  in  Figs.  140  and  141,  in 
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wliicli  t  are  the  clay  boots,  which  are  disposeil  iu  two  rows  in  the 
interior  of  the  furnace,  and  separated  by  the  partition  wall  s.  These 
boots  are  28^  inches  high,  7'2  inches  inside,  and  Uj  inches  outside 
diameter.  The  heating  chamber  is  G  feet  8  inches  long,  3  feet  5 
inches  broad,  and  28^  inches  high  ;  a  are  the  movable  clay  pistons 
8|  inches  high  and  (J'}  inches  in  diameter,  and  m  are  the  iron  rods 
to  which  they  are  attached ;  o  are  the  openings  through  Avhich  the 
zinc  runs  out  or  can  be  tapped  out  from  the  boots ;  r  is  the  grate 
5  feet  8  inches  long  and  18i  inches  wide,  from  which  the  flame 
enters  the  furnace  chamber  through  openings  h,  3  irjches  wide,  and 
after  having  surrounded  the  boots,  escapes  through  the  flue  ~  into  the 
stack  V.  At  the  Silesia  Works  in  Upper  Silesia  a  furnace  was 
heated,  not  by  a  separate  grate,  but  by  the  spare  heat  of  the  zinc 
distillation  furnaces.  The  number  of  boots  in  a  furnace  varied  from 
8  to  12,  there  being  12  in  the  Figure  shown  above.  The  charge  for 
a  boot  amounts  to  about  44  lbs.  of  zinc  fume.  After  heating  for  3 
hours,  the  zinc  will  be  in  the  fluid  condition.  Pressure  is  now 
applied,  whereby  the  zinc  is  collected  in  the  bottom  of  the  boot  and 
can  be  tapped  out  through  the  above-named  openings.  At  Corphalie, 
in  Belgium,  a  furnace  of  this  kind  treated  from  14  to  18  cwts.  of 
zinc  fume  in  12  hours,  with  a  consumiDtion  of  116  to  155  cubic  feet 
of  fuel,  and  a  zinc  extraction  equal  to  85  to  8G  per  cent.  At  the 
Silesia  Works,  the  output  of  zinc  in  Montefiore  furnaces  heated  by 
waste  heat  amounted  to  85  to  8G  per  cent.  Zinc  obtained  from  the 
Montefiore  furnaces  is  exceedingly  brittle  in  consequence  of  the 
amount  of  zinc  oxide  which  it  contains.  For  this  reason  the  treat- 
ment of  zinc  fume  in  these  furnaces  has  been  given  up  in  most  works 
in  favour  of  its  treatment  together  with  zinc  ores  in  the  distillation 

furnaces. 

Zinciferous  flue  dust  is  also  added  to  the  charges.  Should  it, 
however,  contain  considerable  quantities  of  lead,  it  may  be  treated 
with  sulphuric  acid  in  order  to  obtain  the  zinc  in  solution  in  the  form, 
of  white  vitriol,  whilst  the  leady  residue  is  smelted  for  lead. 
»  The  residues  from  the  adapters  of  the  distillation  vessels  as  also 
the  residues  from  the  Montefiore  furnaces,  which  consist  essentially 
of  zinc  oxide,  are  either  added  to  the  charges  in  the  ordinary  distilla- 
tion furnace,  or  else  treated  by  themselves  in  the  topmost  tiers  of 
retorts  in  Belgian  furnaces. 

The  residues  from  the  distillation  vessels,  retorts,  or  muffles  contain 
1  to  10  per  cent,  of  zinc.  In  many  cases  they  arc  submitted  to  a 
process  of  dressing,  whereby  a  concentrate  rich  in  zinc,  a  portion  of 
unused  reducing  agent,  and  if  the  charge  contains  lead,  lead  also,  are 
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obtained  ;  the  enriched  zinc  concentrates  are  added  to  the  charge  for 
distillation. 

Furnace  calamine  is  also  added  in  suitable  proportions  to  the 
ore  charge,  after  having  been  broken  small. 

Skimmings  rich  in  zinc  are  treated  in  the  same  way,  or  are  distilled 
together  with  zinc  fume  and  the  residues  from  adapters  and  vessels. 

Calcined  silver  ores  rich  in  zinc  are  treated  in  the  same  way  as 
calcined  zinc  ores. 

Alloys  of  zinc  with  lead  and  silver  or  gold  are  obtained  when 
silver  is  extracted  from  work-lead  by  means  of  zinc.  The  zinc  is 
recovered  from  these  alloys  by  heating  it  to  above  the  boiling  point 
of  zinc  in  retorts  made  of  a  mixture  of  clay  and  graphite,  and  by 
collecting  the  volatilised  zinc  in  adapters.  This  method  of  zinc 
extraction  has  been  fully  explained  under  the  head  of  the  extraction 
of  silver  by  means  of  zinc,  Vol.  i.,  p.  540. 


Products  of  the  Reduction  Process 

The  products  obtained  in  the  processes  of  reduction  are  zinc,  zinc 
fume,  and  residues  from  the  adapters  and  distillation  vessels. 

Refining  of  Zinc 

Zinc  as  raked  or  tapped  out  of  adapters,  or  as  removed  in  the  form 
of  solid  zinc  from  the  collecting  chambers  of  the  old  Silesian  furnaces, 
is  but  rarely  pure.  It  generally  contains  considerable  quantities  of 
lead  and  iron,  together  with  mechanically  enclosed  impurities.  As 
these  interfere  with  its  extensibility,  zinc  which  is  intended  for  rolling 
must  be  freed  as  far  as  possible  from  these  substances.  This  zinc, 
known  as  work-zinc  or  crude  zinc,  cannot  be  refined  by  an  oxidising 
fusion,  as  is  done  in  the  case  of  silver,  copper  and  lead,  on  account  of 
the  great  affinity  of  zinc  for  oxygen.  It  may,  however,  be  purified  by 
slow  remelting  and  allowing  it  to  stand  for  a  considerable  time  in  the 
molten  state.  Under  these  circumstances  the  mechanically  enclosed 
impurities  which  are  lighter  than  zinc  come  to  the  surface,  and  can 
be  removed  as  skimmings,  together  with  a  portion  of  the  zinc  oxide 
formed,  whilst  lead,  as  far  as  it  is  not  alloyed  with  the  zinc,  and  iron 
settle  to  the  bottom  in  consequence  of  their  higher  specific  gravities. 
The  purified  zinc  can  be  ladled  off  from  above  the  lowest  portion  of 
the  bath  of  metal  which  contains  the  lead  and  iron,  or  this  bottom  part 
can  be  removed  from  the  bath  by  means  of  an  archimedean  screw, 
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According  to  the  temperature  zinc  will  take  up  different  quantities 
of  lead  ;  Roessler  and  Edelmann  found  that  it  Avill  take  up  oG  per  cent, 
at  650°  C,  whilst  it  takes  up  only  1*5  per  cent,  at  its  melting  point. 
The  latter  amount  cannot  therefore  be  removed  from  the  zinc  by- 
allowing  it  to  settle.  As  most  zinc  ores  contain  lead,  zinc  containing 
a  certain  amount  of  lead  will  thus  always  be  obtained  in  spite  of 
refining.  Work-zinc  obtained  in  the  solid  state,  as  in  the  case  of  the 
old  Silesian  zinc  furnaces,  and  as  used  to  be  the  case  with  the 
Enghsh  zinc  furnaces,  has  to  be  remelted  in  order  to  cast  it  into 
moulds.  During  this  remelting,  which  is  performed  in  pans  made  of 
cast-iron  or  clay,  the  impurities  of  the  zinc  separate  out.    To  promote 


Section  on  alt 


this  operation,  the  molten  zinc  is  stirred  from  time  to  time.  The 
skimmings  (zinc  ash),  which  form  upon  the  surface  of  the  bath  ot 
metal,  and  which  consist  of  a  mixture  of  the  separated  mechanical 
impurities  with  oxide  of  zinc  and  metallic  zinc,  are  removed  by 
means  of  a  perforated  ladle.  The  zinc  is  finally  cast  into  iron  moulds, 
whilst  the  bottom  portion  of  the  metallic  bath  which  is  rich  in  lead, 
is  ladled  out  separately.  Cast-iron  pans  are  open  to  the  objection 
that  they  contaminate  the  zinc  with  iron,  and  thus  make  it  brittle. 
As  a  general  rule,  reverberatory  furnaces  with  clay  hearths  should  be 
used  for  the  refining  of  zinc,  as  is  done,  for  example,  at  the  larger 
works  of  Upper  Silesia,  the  zinc  in  which  contains  1"75  to  2o  per 
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cent,  of  lead.  The  constiuction  of  such  a  furnace  is  shown  in  Fius. 
142  and  143.^  The  inclined  hollowed  hearth  is  made  of  lean  clay 
rammed  upon  the  brickwork  of  the  furnace,  and  terminates  in  a 
sump/;  g  is  the  charging  door  through  which  the  zinc  which  is  to  be 
melted,  is  introduced  into  the  furnace  ;  h,  h  are  the  fire-grates ;  i  is  an 
opening  through  which  the  purified  zinc  is  ladled  out.  The  flame 
traverses  the  furnace  longitudinally  and  rises  above  the  sump,  passing 
thence  to  the  stack.  The  waste  heat  is  generally  utilised  for  warming 
the    chambers    in  which    the    zinc    that    is  to    be  rolled,  is  heated. 


Another  form  of  furnace  provided  with  only  one  grate  is  shown  in 
Fig.  144.  B  is  the  grate,  s  is  the  bed  of  fire-clay,  t  is  the  sump,  u  is 
the  door  through  which  the  metal  is  ladled  out,  v  is  the  flue,  lo  are 
chambers  heated  by  the  flame,  in  which  zinc  bars  and  sheets  can  be 
heated ;  ^  is  a  flue  leading  to  the  stack.  At  the  flue  end  of  the 
furnace  there  is  a  partition  wall  descending  into  the  bath  of  metal  in 
order  to  keep  the  air  away  from  the  latter.  The  opening  for  the 
introduction  of  the  zinc  into  the  furnace  is  at  one  side  of  the  fire- 
bridge in  a  longer  side  of  the  furnace.  The  hearth  is  15  feet  5  inches 
long  and  6  feet  6  inches  wide  ;  the  lowest  point  of  the  hearth  is  1  foot 
8  inches  below  the  door  out  of  which  the  metal  is  ladled.  Such  a 
furnace  usually  contains  from  28  to  80  tons  of  zinc,  and  is  capable  of 
refining  9  to  10  tons  in  24  hours,  with  a  consumption  of  18  cwts.  of 
coal.  A  furnace  similar  to  that  first  described,  at  the  Hohenlohe 
Works,  near  Kattowitz,  such  as  is  used  in  most  of  the  works 
1  Berg,  unci  Hiitt.  Ztg.,  1873,  p.  290. 
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in  Upper  Silesia,  is  shown  in  Figs.  145  to  147,  145  being  a 
longitudinal  section,  146  a  horizontal  section,  and  147  a  cross  section 
of  the  furnace,  the  length  of  which  is  19  feet  8  inches  and  its  width 
10  feet  6  inches;  i\r  are  the  two  grates;  between  them  is  the  flue  h, 
inclining  towards  the  hearth,  in  which  the  zinc  to  be  refined  is 
charged.  From  this  it  flows,  as  soon  as  it  is  melted,  down  the 
inclined  surface  of  the  hearth,  to  the  sump  s.  The  flame  traverses 
the  furnace  lengthways  from  the  grate  and  escapes  through  openings, 


Figs.  145  and  146. 


0,  in  the  roof  of  the  furnace,  into  flues  leading  to  the  stack  E.     Such 
a  furnace  will  contain  30  tons  of  zinc. 

In  order  to  avoid  oxidation  the  zinc  must  be  melted  at  the 
lowest  possible  temperature,  and  very  gradually,  whilst  the  flame  is 
kept  as  reducing  as  possible.  When  the  furnace  has  received  its 
full  charge  of  molten  zinc — 20  to  30  tons  of  zinc — which  takes  place 
after  two  or  three  days,  the  ladling  out  of  the  metal  commences,  as 
much  fresh  zinc  being  charged  in  as  is  ladled  out,  say  9  to  10  tons  in 
24  hours.  From  the  metal  bath,  which  is  thus  kept  at  a  constant 
level,  the  lead  first  deposits,  followed  by  the  iron,  which  forms  with 
the  zinc  and  a  portion  of  the  lead  a  difficultly  fusible  alloy,  whilst 
the  zinc  forms  the  topmost  layer.  By  means  of  a  suitable  tool, 
the  pure  zinc,  the  hard  zinc,  and  the  lead  are  easily  distinguishable 
from  each  other.  If  an  iron  rod  is  slowly  lowered  into  the  metal- 
lic bath  in  the  furnace,  the   mass  feels  soft  as  far  as  the  molten 
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zinc  extends;  when  the  bar  is  forced  further  in,  the  mass  feels  hard, 
somewhat  like  ice  at  its  melting  point.  This  is  the  layer  of  hard 
zinc.  Below  this  the  soft  layer  of  molten  lead  is  reached.  The 
mechanical  impurities,  which  have  a  lower  specific  gravity  than  the 
zinc,  separate  out  upon  the  surface.  After  the  zinc  has  been 
skimmed,  it  is  ladled  out  from  the  bath  in  cast-iron  ladles  made  as 
thin  as  possible,  and  is  cast  into  moulds  in  the  form  of  bars  ;  in  this 
form  it  is  known  in  the  trade  as  Spelter.  If  the  zinc  is  to  be 
rolled,  these  bars  must  be  kept  heated  up  to  130''  C.  When 
properly  worked,  the  quantity  of  skimmings  does  not  exceed  1|  per 
cent,  of  the  zinc  charge.  If  the  temperature  is  too  high,  a  mixture 
of  zinc  oxide  and  fluid  zinc  known  as  hurnt  zinc  forms  upon  the 
surface  of  the  bath  of  metal.  For  the  removal  of  antimony  and 
arsenic  from  the  zinc,  L'hote  ^  proposes  the  addition  of  chloride  of 
magnesium  during  the  fusion,  which  is  said  to  remove  the  above 
metals  in  the  form  of  chlorides.  Richards  ^  recommends  the  addition 
of  aluminium  to  the  molten  metal  for  the  purpose  of  separating  the 
impurities  from  the  zinc.  He  claims  that  by  this  means  the 
impurities,  with  the  exception  of  lead,  separate  out  at  the  surface. 

From  time  to  time,  generally  once  a  week,  the  bottom  layer  of 
zinc  containing  lead  and  iron,  which  has  accumulated  in  the  sump, 
must  be  removed  from  the  latter.  In  this  case,  the  whole  of  the  zinc 
in  the  furnace  is  first  ladled  out,  and  then  the  impure  bottom  zinc 
removed,  or  else  the  bath  of  metal  is  left  in  the  furnace  and  the  zinc 
at  the  bottom  is  drawn  out  by  means  of  a  tube  provided  with  an 
archimedean  screw,  or  by  means  of  jan  iron  cylinder  with  a  hole  in  the 
bottom,  or  again  by  means  of  an  open  clay  tube,  the  bottom  edge  of 
which  is  notched,  and  which  is  inserted  in  the  furnace  before  the 
commencement  of  the  operation.  The  latter  method  allows  the 
refining  process  to  be  carried  on  continuously,  and  is  preferable  to 
the  two  former.  The  first-named  piece  of  apparatus  consists  of  an 
iron  tube  or  casing  in  which  an  archimedean  spiral  works.  This 
tube  is  provided  at  its  upper  end  with  a  spout  through  which  the 
molten  metal  flows  off,  whilst  the  bottom  end  rests  upon  feet, 
the  spiral  being  turned  by  means  of  a  crank.  The  apparatus  is 
inserted  through  openings,  left  for  that  purpose  in  the  furnace,  into 
the  sump,  and  the  handle  is  turned,  whereupon  the  bottom  layer  of 
zinc  rises  in  the  tube  and  flows  out  through  the  spout ;  this  apparatus 
is  employed,  for  example,  at  Lipine.  The  second-named  piece  of 
apparatus  consists  of  a  cylinder  with  a  hole  in  the  bottom,  this  hole 
being  plugged  with  clay.     If  the  cylinder  is  lowered  into  the  sump, 

1  Comptes  Rendus,  98,  p.  1491.  -  American  Patent, 448, 802. 
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and  the  liole  in  the  bottom  then  opened,  the  impure  zinc  at  the 
bottom  rises  into  the  interior  of  the  cylinder  and  can  be  ladled  out  of 
it.  The  third  piece  of  apparatus  consists  of  a  bottomless  tube  of  fire- 
clay, the  lower  edge  of  which  is  notched.  It  is  placed  in  the  furnace 
before  the  leady  zinc  commences  to  separate,  and  is i  left  in  it  during 
the  whole  course  of  the  operations.  The  impure  zinc  passes  into  the 
tube  through  the  notches  and  is  ladled  out  from  it  as  soon  as  it 
reaches  a  certain  height.  This  apparatus  is  in  use,  for  example,  at 
the  Paul  and  Wilhelmina  Woiks  in  Upper  Silesia. 

The  consumption  of  coal  in  refining  amounts  to  7h  to  10  per  cent, 
of  the  weight  of  the  zinc  melted.  At  Lipine,  9  tons  of  crude  zinc, 
containing  21-  per  cent,  of  lead,  are  melted  in  24  hours,  refined  zinc 
with  0'75  per  cent,  of  lead  being  produced.  At  the  Hohenlohe 
Works  10  tons  are  melted  in  24  hours,  or  5  tons  every  12  hours, 
containing  3  to  4  per  cent,  of  lead,  the  refined  zinc  containing  98"87 
per  cent,  of  zinc,  1*07  per  cent,  of  lead,  0'02  per  cent,  of  iron,  and 
0'04  per  cent,  of  sulphur.  The  following  table  of  analyses  shows 
the  impurities  in  the  zinc  (Spelter)  produced  at  various  works  : — 


Works  of  South-west  Missouri  (according  to  Pack). 


Zn 
Cu 
Pb 
Fe 

C(l 

Si  . 


Pb 
Fe 
Cd 
Cu 
Ag 
Sb 
Bi 
S  . 


I 

Pb 0-0701 

Fe 0-7173 

As 0-060.3 

Sb 0-0249 

Cu 0-112.3 

S      0-0035 

Si 0-0346 

C 0-1775 


Lehigh,  X.J. 

99-378 

0-530 


0-041 

0-078 


Bh-keugaug  Works 
(Stolberg). 

Pb 1  -460 

Fe 0-022 

Cd — 


ir 
0  0061 
0-2863 
0-0590 

0-0013 
0-0741 
0  1374 
0-0016 


Passaic,  X.J. 


0-027 
0-020 


Cilli 

(Styria). 

0-3239 
0-0253 


Georg  Works, 
(Upper  Silesia). 


I 

1  -4483 
0-0280 
0-0245 

0  0002 

()-()m7 


trace 


II 

1  -7772 
0-0280 


trace 
trace 

0-0020 


Hcckc  works, 
(Upper  Silesia). 

11921 
0-0238 

0-0002 

0-00(17 

trace 

trace 

trace 


Bethlehem,  Pa. 

0-0405 

0-2390 

Johannisthal 
(Camiola) 

0-536 
0-018 
0  069 

Sagor  Works, 
(Austria). 


1 

0(533 
0-032 
0-054 
trace 
trace 


trace 


II 

0-541 

0-010 


trace 
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The  purest  zinc  is  Avhat  is  known  as  Bertha  spelter,  produced  at 
Pulaski,  Va.,  from  ores  containing  47'61  per  cent,  of  oxide  of  zinc, 
29"37  per  cent,  of  silica,  9'23  per  cent,  of  ferric  oxide  and  alumina, 
4'54  per  cent,  of  calcium  carbonate,  2"7  per  cent,  of  magnesium 
carbonate,  and  8'23  per  cent,  of  water.  The  zinc  produced  contains 
99*981  per  cent,  of  zinc,  0'019  per  cent,  of  iron,  and  a  trace  of  lead 
and  silver.^ 

The  impure  bottom  zinc,  produced  in  refining,  which  contains 
considerable  quantities  of  lead  and  iron  is  submitted  either  to  dis- 
tillation or  to  electrolysis,  or  else  it  is  sold  to  silver  works  for  the 
extraction  of  silver  from  argentiferous  lead. 

Skimmings  rich  in  zinc,  known  as  zinc  ashes,  are  added  to  the 
charge  in  the  processes  of  zinc  distillation.  A  considerable  portion  of 
zinc,  up  to  60  per  cent.,  can  be  liquated  out  from  this  substance  by 
dusting  salammoniac  over  it  before  it  is  drawn  out  from  the  furnace, 
or  by  heating  it  in  a  reverberatory  furnace,  after  the  zinc  has  been 
removed,  and  stirring  salammoniac  into  it,  \  pound  of  the  latter  being 
used  to  100  pounds  of  zinc  ash. 

Zinc  fume,  j^oussidre,  contains  the  various  volatile  substances  that 
are  present  in  the  charge  for  zinc  distillation.  The  proportion  of 
zinc  oxide  varies  within  very  wide  limits  according  as  the  zinc  vapours 
have  been  burnt  or  not,  or  according  as  the  zinc  fume  has  been 
exposed  for  a  longer  or  a  shorter  time  to  the  air,  the  latter  having  an 
oxidising  influence  upon  finely  divided  metallic  zinc.  The  following 
analyses  show  the  composition  of  various  kinds  of  zinc  fume  : — 

Borbeck  at  Essen.        Carondelet  Works, 
(Missouri). 

Zn 97-82  29-899 

ZnO —  57-740 

Fe 0-16  2-052 

Pb 0-23  trace 

Cu —  trace 

As I   0  Ob  Q.32J 

Sb —  0-372 

S -  0-026 

Carbon —  1-221 

Insoluble  residue —  9-608 

Zinc  fume  from  the  collecting  flues  of  the  Silesia  works  (Lipine): — - 

ZnO 54-45     =     Zn 43-72 

CdO 3-62     =     Cd 3-17 

PbO 12-34     =      Pb 11-50 

SO3 3-85 

Fe.303  and  residue  .    25-72 


1  Moxham,  Eng.  Min.  Journ.,  November  25,  1893. 

^  Kossmann,  Preus.  Minist.  Zeitschr.,  1883,  pp.  236,  et  seq. 
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First  zinc  fume  Average  zinc  fume 

from  the  Theresia  from  the  Silesia 

Works,  Upper  Works,  Upper 

Silesia.'  Silesia. i 

Zn 80-00    "I  rj     c«  ftc^         84-463 

ZnO 8-324/-'^"'*''*'^*  4-888 

Cd 1-651  2-654 

Pb 2-018  4-276 

FejOj 1-022  0-903 

Al      0-200  — 

Mn 1-815  — 

CaO 2-804  2-464 

MgO      0-675  0-239 

Residue 1-020  0-120 

(Containing  carbon      .    .    .  0-230)  — 

Zinc  fume  deposited  in  the  dust  flues  connected  with  Kleeraan 
adapters  at  the  works  of  V.  Giesche,  Upper  Silesia :  — - 


ZnO 88-'i0 

CdO 1-46 

PbO 4-44 


SO3 4-12 

Mn304  .        .        .      0-05 
FeqOo  and  residue      1  -50 


Dust  deposited  by  water-spray  in  the  flues,  towers  and  chambers 
leading  from  a  Dagner  adapter : — 

ZnO 66—94  per  cent. 

CdO      1-68—711 

PbO 3-70—4-29 

Fe„03 0-50—3-87 

Sand 1-16—3-45 

The  treatment  of  zinc  fume  has  been  explained  on  page  174.  If 
it  contains  cadmium  in  workable  proportion,  it  is  used  for  the 
extraction  of  this  metal.  It  is  also  employed,  under  the  name  of  zinc 
gTay,  as  a  paint,  especially  for  iron.  Finally,  it  is  employed  as  a  reducing 
agent  for  the  reduction  of  such  substances  as  indigo,  nitrobenzol  and 
nitric  acid  in  chemical  factories  and  laboratories.  It  is  also  used  for 
the  preparation  of  hydrogen  by  heating  it  with  slacked  lime.  The 
chemical  change  that  takes  place  is  said  to  be  the  following : — ^ 

Zn  +  CaH^Oo  =  ZnO  +  CaO  +  H,. 

The  residues  from  the  adapters  are  treated  as  above  mentioned. 
The  residues  from  the  vessels  used  for  distillation  are  treated  as 
mentioned  above  on  page  176,  if  they  are  sufficiently  rich  in  zinc, 
otherwise  they  arc  thrown  away.  In  many  cases  they  are  used  for 
road  metal  or  in  the  preparation  of  mortar. 

'  Kosinann,  Preusfi.  Minist.  Zaitschr.,  1883,  pp.  2.34  tt  seq. 

-  Steger,  ZeAtsch.  d.  Oherschha.    Benj.  nnd  Hiitt.   Ver.  1885,  p.  222. 

3  Hclnvarz,  fier.  d.  Deutsch.  Chem.  Ge.'<ef.,  1886,  19,1140. 
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Experiments  and  Proposals  for  the  Improvement  of  the 
Dry  Method  of  Zinc  Extraction 

Extraction  of  Zinc  in  Shaft  Fuo^naccs 

Owing  to  the  many  shortcomings  of  the  present  method  of  zinc 
extraction,  attempts  have  long  been  made  to  replace  the  process  of 
distillation  in  clay  vessels  by  distillation  in  shaft  furnaces.  These 
attempts  have,  however,  been  fruitless  as  regards  the  production  of 
solid  zinc.  It  would  be  useless  to  fully  describe  the  various  methods 
and  proposals  which  have  been  made  in  this  direction,  as,  for 
example,  those  of  Dyar,  Rochaz,  Shear,  Duclos,  Schmelzer,  Swindell, 
Broomann,  Lesoinne,  Adrien,^  Muller  and  Lancauchez,^  Gillon,-  Clerc,^ 
Kleemann,^  Keil,^  Westmann  ^  and  Glaser.'' 

The  whole  of  these  have  failed  on  account  of  the  difficulty  of 
condensing  the  vapours,  as  has  been  shown  by  the  most  recent 
exhaustive  experiments  carried  out  by  Hempel.^  Zinc  vapours, 
which  are  mixed  with  considerable  quantities  of  neutral  gases,  cannot 
be  condensed  by  cooling  to  fluid  zinc,  because  the  zinc  separates  in 
a  pulverulent  condition.  When  shaft  furnaces  are  employed  for  the 
production  of  zinc,  the  products  of  combustion,  carbon  monoxide  and 
nitrogen,  are  necessarily  mixed  with  the  carbon  monoxide  produced 
by  the  reduction  of  oxide  of  zinc  and  with  the  zinc  vapours. 
These  latter  are  therefore  diluted  to  such  a  degree  that,  when  cooled, 
they  will  no  longer  condense  to  a  fluid,  but  remain  in  the  form  of  a 
fine  dust  suspended  in  the  gases.  Even  when  strongly  heated  air  is 
employed  for  burning  the  coke  in  shaft  furnaces,  no  change  is 
produced  in  the  behaviour  of  the  zinc  vapours,  as  has  been  shown  by 
Hempel.  In  the  present  condition  of  science  and  technology,  all 
attempts  at  the  production  of  zinc  in  shaft  furnaces  must  therefore 
be  looked  upon  as  presenting  no  probability  of  success.  Pulverulent 
zinc  readily  oxidises  in  contact  with  the  air,  and  therefore  always 
contains  certain  quantities  of  oxide  of  zinc,  as  is  the  case  with  the 
above  described  zinc  fume.  Moreover,  the  oxidation  of  a  portion  of 
the  zinc  by  the  carbon  dioxide  and  water  vapours  present  in  the  fur- 
nace is  also  inevitable.  By  the  employment  of  excess  of  fuel,  by  taking 
care  that  the  charges  and  fuels  shall  contain  neither  water  nor 
carbon  dioxide,  by  the  employment  of  ores  which  are  free  from  oxide 

1  Berrj.  mid  Hiitt.  ZUj.,  1862,  p.  32-4.  -  Ihkl.,  1881,  p.  6. 

2  Ibid.,  1887,  p.  83.  •*  D.  R.  Patent,  No.  14,497. 
"^  lUd.,  No.  15,922.  «  BM.,  No.  19,127. 

"  Ibid.,  No.  48,449.  8  5^,.^^.  „„f/  H^f^  Zfg.,  1893,  Nos.  41  and  42. ^ 
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of  iron  (the  latter  being  reduced  already  in  the  upper  half  of  the 
furnace  by  carbon  monoxide,  and  thus  producing  carbon  dioxide),  and 
by  the  employment  of  heated  air,  these  objections  can  nevertheless  be 
considerably  limited,  as  is,  indeed,  also  the  case  in  the  process  of  zinc 
distillation  in  smaller  vessels. 

Whilst  it  is  thus  impossible  to  produce  solid  zinc  in  sliaft 
furnaces,  it  is  nevertheless  quite  possible,  as  Hempel  has  shown, 
to  produce  zinc  oxide  in  such  a  furnace  and  also  pulverulent  zinc 
containing  only  relatively  small  quantities  of  oxide.  The  shaft 
furnace  therefore  presents  a  means  for  producing  bye-products  rich  in 
zinc  for  distillation  in  retorts.  In  this  respect,  especially  as  regards 
the  formation  of  pulverulent  zinc,  it  may  be  worth  while  to 
experiment  further  upon  the  shaft  furnace.  According  to  Hempel's 
experiments,  by  the  use  of  hot  blast  it  is  possible  to  obtain  zinc 
fume  very  rich  in  zinc  in  the  shaft  furnace,  and  to  separate  it  by 
means  of  centrifugal  machinery  from  the  gases.  This  zinc  fume  can 
be  compressed  into  a  very  small  volume  by  pressure,  and  this 
protects  it  from  oxidation  ;  from  the  zinc  dust  so  treated  zinc  can  be 
obtained  both  by  distillation,  without  the  addition  of  carbon,  as  also 
by  means  of  electrolysis.  Hempel  submitted  the  compressed  zinc 
dust  to  distillation,  without  adding  carbonaceous  matter,  and 
obtained  two-thirds  of  the  fume  in  the  form  of  metallic  zinc  of  great 
purity.  The  residue  contained  oxide  of  zinc  together  with  lead, 
silver,  copper,  &c.,  combined  with  oxygen  and  sulphur,  which  had 
been  volatilised,  together  with  the  zinc,  in  the  shaft  furnace. 
Hempel  used  zinc-coke  for  the  shaft  furnace  charge,  this  material 
being  produced  by  heating  together  1  part  of  zinc  oxide,  3  parts  of 
coal,  and  0*05  part  of  caustic  lime  in  a  retort,  and  allowing  the 
caked  mass  to  cool  with  the  exclusion  of  air.  The  shaft  furnace  was 
provided  with  an  iron  stove  for  heating  the  blast,  and  was 
constructed  like  a  Sefstrom  furnace.  The  gases,  together  with  the 
zinc  vapours,  passed  from  the  throat  of  the  blast  furnace  into  an  iron 
tube,  in  which  they  were  cooled  down  to  30°  C.  The  gases  were 
drawn  off  from  the  furnace  and  the  zinc  fume  separated  from  them 
by  means  of  a  centrifugal  apparatus,  the  construction  of  which  is 
shown  in  Figs.  148  and  149.  It  consists  of  a  wheel.  A,  with  8  vanes, 
which  is  driven  by  means  of  the  grooved  pulley,  a,  driven  by  a  steam 
engine,  the  velocity  being  from  1,000  to  3,000  revolutions  per  minute. 
The  wheel  rotates  inside  a  casing,  JJ,  which  is  again  contained  in  the 
larger  cylinder,  G.  The  casing  was  open  below,  but  closed  above.  The 
cylinder,  C,  was  closed  below  by  means  of  a  cone,  and  provided  above 
with  a  removable  cover,  h.  The  gases  and  zinc  vapour  entered  through 
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the  tube  c  ;  when  it  reached  tlic  interior  of  the  machine,  the  dust 
was  flung,  by  centrifugal  action,  against  the  projections  of  the  casing 
B,  whence  it  dropped  down  into  the  conical  portion  of  the  cylinder  c, 
where  it  was  deposited  and  whence  it  could  be  removed  by  means  of 
the  spout  e.  The  gases  escaped  through  the  tube  d,  and  were  made  to 
traverse  a  bag  in  which  the  remainder  of  the  zinc  dust  was  retained, 
so  that  the  gases  escaping  therefrom  were  perfectly  free  from  fume. 
The  proportion  of  carbon  dioxide  in  the  escaping  gases,  which,  as 
is  well  known,  decreases  as  the  furnace  temperature  increases,  and 
which  amounts  to  under  1  per  cent,  at  a  white  heat,  had  gone  down 
to  0  7  per  cent,  before  charging  the  zinc-coke  furnace,  and  varied 
during  the  three  hours  that  distillation  lasted,  between  I'S  and  4  per 
cent,  of  the  gaseous  mixture. 

The  zinc  fume  produced  contained  72  to  90  per  cent,  of  zinc.     It 
is  liable  to  oxidise  rapidly  in  the  air,  and  if  charged  in  the  pulverulent 


Fig.  148. 


form  into  retorts  or  muffles  for  the  purpose  of  distillation,  would 
require  the  addition  of  carbon  for  the  reduction  of  the  zinc  oxide, 
together  with  a  very  high  temperature.  In  order  to  avoid  this  oxida- 
tion, it  was  compressed  into  blocks.  According  to  the  experiments  of 
Hartig,^  a  pressure  of  30  atmospheres  reduced  it  to  13'3  per  cent,  of 
its  original  volume,  100  atmospheres  to  10  per  cent.,  and  200 
atmospheres  to  8'7  per  cent.  Accordingly,  as  a  pressure  of  100 
atmospheres  can  easily  be  produced  by  means  of  screws,  levers  or 
hydraulic  presses,  there  is  no  difficulty  in  compressing  zinc  fume  to 
one-tenth  of  its  original  volume.  Hempel  obtained,  by  the  distilla- 
tion of  this  compressed  zinc  by  itself,  without  any  addition  of  carbon, 
two-thirds  of  the  weight  of  the  former  in  the  form  of  very  pure 
metallic    zinc.      In    treating    a    charge   to    which    ferric    oxide    and 

^  Loc.  cit. 
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argentiferous  lead  had  beea  added,  Hempel  obtained  zinc  fume  con- 
taining 80  per  cent,  of  zinc,  which  contained  the  whole  of  the  lead  and 
silver.  The  iron  was  obtained  in  the  form  of  white  pig-iron  ;  the 
slag  left  in  the  furnace  contained  58"3  per  cent,  of  silica,  10"4  per 
cent,  of  alumina,  8  per  cent,  of  ferric  oxide,  15  per  cent,  of  lime,  I'O 
per  cent,  of  zinc  and  1"8  per  cent,  of  sulphur.  This  zinc  dust  was 
also  compressed  and  distilled  without  any  addition  of  carbonaceous 
matter.  Two-thirds  of  its  weight  were  obtained  in  the  form  of  pure 
zinc,  together  with  a  residue  having  the  following  composition: — 


SiO„ 

,    .    .    41-6 
.    .    .      2-93 
.      0-6 

Zn 

.33 -6 

Fe^Oj    .    .    . 
CaO  .... 

S 

PbS  and  AgoS  . 

8-1 

.    roo 

No  experiments  have  been  published  Avith  respect  to  the 
electrolysis  of  compressed  zinc.  It  could  be  moulded  into  soluble 
anodes,  and  as  the  zinc  is  chiefly  present  in  the  metallic  form,  a 
considerable  quantity  of  electrical  energy  would  be  developed  by  its 
solution,  so  that  only  a  low  current  tension  would  be  required.  In 
consequence  of  the  above  experiments  Hempel  proposed  the  ex- 
traction of  zinc  from  ores  which  contained  considerable  quantities  of 
zinc  in  addition  to  lead  and  silver,  and  which  cannot  be  separated 
by  dressing  operations  into  zinc  ores  on  the  one  hand  and  lead  and 
silver  ores  on  the  other.  The  process  is  to  comprise  the  following- 
operations  : — 

1.  The  production  of  zinc  fume  in  shaft  furnaces. 

2.  The  compression  of  the  zinc  fume  produced. 

3.  The  distillation  or  electrical  refining  of  the  compressed  zinc 
fume. 

The  ore,  after  having  first  been  calcined,  has  to  be  fritted,  or,  if 
coking  coal  is  available,  ground,  without  being  fritted,  with  this  coal, 
and  then  coked.  If  the  ore  is  rich  in  iron,  the  iron  must  first  be 
reduced,  otherwise  zinc  vapours  would  be  re-oxidised  by  the  carbon 
dioxide  produced  in  the  upper  part  of  the  furnace,  as  occurs  in  iron 
blast-furnaces.  The  gases  evolved  from  the  furnaces,  after  having 
been  freed  from  the  zinc  vapour,  consist  essentially  of  carbon  mon- 
oxide and  nitrogen,  and  are  to  be  used  for  heating  the  blast  or  the  dis- 
tillation furnace,  and  for  firing  boilers.  On  escaping  from  the  furnace, 
the  gases  are  first  passed  into  iron  tubes  kept  cool  by  exposure 
to  the  air,  in  which  the  former  are  to  be  cooled  down  to  50°  C,  and 
simultaneously  to  deposit  a  portion  of  zinc  fume ;  they  then  enter 
one,  or  a  series  of,  centrifugal  machines,  which  they  traverse  one  after 
the  other,  in  which  nearly  the  whole  of  the  zinc  fume  still  retained 
is  separated  out.     Hempel  proposes  the  centrifugal  machines  shown 
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in  Figs.  150  to  151.  A  is  the  fan,  B  the  casing,  C  the  cylinder. 
The  fan  is  driven  from  below.  It  wo\ild  be  best,  as  is  customary 
with  centrifugal  machines,  to  support  the  fan  in  a  movable  bearipg 
with  an  india-rubber  ring.  If  the  speed  of  the  fan  for  the  separation 
of  all  the  fume  is  found  to  be  too  high,  it  might  be  necessary  to 
follow  these  machines  by  filters  of  sacking  to  separate  out  the  last 
trace  of  zinc  fume. 

In  order  to  avoid  the  formation  of  zinc  oxide,  the  furnace  should 
be  so  worked  that  the  proportion  of  carbon  dioxide  in  the  escaping 
gases  should  not  exceed  4  per  cent.  The  compression  of  the  zinc 
fume  is  to  be  performed  in  two  operations.  The  first  pressure  is  to 
be  applied  by  means  of  a  machine  in  which  a  spindle  with  a  rapid 
pitch  screw  is  quickly  employed,  so  as  to  produce  a  pressure  of  10  to 
20  atmospheres,  the  final  pressure  being  given  by  means  of  a  hydraulic 


Fig.  151. 


press.  The  distillation  of  the  zinc  dust,  moulded  into  the  form  of 
cylinders,  is  to  be  carried  out  in  retorts  which  are  a  trifle  larger  than 
the  cylinders  of  zinc  fume.  Although  these  proposals  of  Hempel 
have  not  yet  been  carried  out  on  a  large  scale,  and  practical  results 
are  therefore  not  available,  they  nevertheless  deserve  full  considera- 
tion. With  ores  carrying  considerable  quantities  of  lead  and  silver, 
difficulties  may  be  met  with  in  practice,  as,  on  the  one  hand,  fluid 
argentiferous  lead  and  a  considerable  quantity  of  slag  rich  in  zinc 
would  be  formed  in  the  blast  furnace,  whilst,  on  the  other  hand,  the 
zinc  fume  obtained  would  contain  considerable  quantities  of  lead,  the 
treatment  of  which  in  retorts  presents  difficulties. 

The  production  of  zinc  oxide,  or  of  a  mixture  of  zinc  and  zinc 
oxide,  in  shaft  furnaces  presents  no  technical  difficulties,  if  the  forma- 
tion of  carbon  dioxide  by  the  combustion  of  the  fuel  is  favoured  by 
blowing  an  excess  of  air  into  the  furnace,  and,  generally  speaking,  if 
an  excess  of  air  is  present  in  the  furnace.     In  the  case  of  charges  rich 
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in  iron,  the  formation  of  carbon  dioxide  is  promoted  by  the  fact  that 
ferric  oxide  is  reduced  to  metallic  iron  at  a  low  red  heat  by  carbon 
monoxide  with  the  formation  of  carbon  dioxide.  In  these  cases,  the 
zinc  would  be  reduced  in  the  lower  part  of  the  furnace  by  means  of 
the  carbon  present.  The  excess  of  air,  together  with  the  carbon 
dioxide  present  in  the  upper  part  of  the  furnace,  would  again  oxidise 
the  vapours  of  zinc  as  they  rise  up.  This  takes  place,  for  example 
when  ores  of  iron,  lead,  copper  or  silver,  containing  zinc,  are  smelted 
in  furnaces  of  comparatively  small  height.  That  the  reduction  of 
zinc  takes  place  without  any  difficulty  in  these  cases,  is  proved  by  the 
method  to  be  presently  explained  for  the  production  of  zinc  white 
direct  from  the  ores.  It  is  necessary  to  cool  down  the  zinc  fume  and 
to  separate  it  from  the  neutral  gases  by  means  of  dust  chambers  and 

filtering  appliances.  Of  the  shaft  furnaces 
that  have  been  patented  for  the  production 
of  zinc  oxide,  not  a  single  one,  as  far  as  the 
author  knows,  has  been  used  practically. 
Zinc  oxide  intended  for  reduction  has,  up  to 
the  present,  only  been  obtained  as  a  bye- 
product  when  zinciferous  ores  such  as  frank- 
linite  are  smelted  in  shaft  furnaces,  or  when 
zinc  white  is  produced  in  furnaces  with 
Wetherill  grates  (see  the  production  of  zinc 
white). 

As  an  example  of  a  patented  shaft  fur- 
nace for  the  extraction  of  zinc  oxide  from 
ores,  the  furnace  of  Harmet  may  be  men- 
FiG.  i5i>.  tioned,  although  it  also  has  not  been  used 

practically.^  The  furnace,  Fig.  152,  has 
a  closed  top,  a;  by  means  of  tuyeres,  T^,  T'^,  in  the  upper  part 
of  the  furnace,  as  also  by  means  of  the  tuyeres  T,  situated  just  above 
the  bottom  of  the  furnace,  hot  air  is  forced  into  the  latter.  The  zinc 
reduced  from  the  ores  escapes  in  the  form  of  vapour  through  the  flues, 
i,  into  the  chambers,  D,  where  it  is  completely  oxidised  by  means  of 
cold  and  moist  air  entering  through  the  tubes,  t,  and  is  then  to  be 
collected  in  the  form  of  zinc  oxide  in  chambers.  The  residue,  free 
from  zinc,  is  to  be  fused  into  a  slag  in  front  of  the  tuyere  T  and  to 
run  out  of  the  furnace.  For  the  production  of  metallic  zinc,  which 
is,  however,  subject  to  the  above-named  difficulties,  the  furnace  is  to 
be  made  higher.  In  this  case,  the  zinc  vapours  are  to  be  conducted, 
at  a  certain  pressure  which  prevents  the  entrance  of  atmospheric  air, 
^  D.  R.  Patent,  No.  11,197. 
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through  chambers  filled  with  charcoal,  and  then  passed  into  con- 
densers. For  the  above-named  reasons,  here  also  zinc  fume  alone 
would  be  obtained.  For  the  production  of  zinc  oxide,  furnaces  with 
Wetherill  grates  are  better  suited  than  are  shaft  furnaces. 

Biewend  has  recently  proposed  the  blast  furnace  for  the  decompo- 
sition of  zinc  blende  by  means  of  iron.^  The  iron  is  to  be  added 
either  in  the  metallic  state  or  reduced  from  oxides  charged  for  that 
purpose.  The  fuel  and  reducing  agent  for  the  oxide  of  iron  is  to  be 
coke  or  charcoal.  The  zinc  separated  out  in  the  gaseous  form  is  to 
be  conducted  at  a  high  temperature — 800°  C. — into  condensers  filled 
with  red-hot  coke  or  charcoal  and  condensed  therein  to  the  liquid  state, 
whilst  the  sulphide  of  iron  formed  by  the  decomposition  of  the  sulphide 
of  zinc,  and  the  slags  produced  from  the  ashes  of  the  fuel  and  the 
impurities  of  the  zinc  blende,  forming  a  silicate  of  lime  and  alumina, 
are  to  be  tapped  out  of  the  furnace  in  the  molten  condition.  The 
sulphide  of  iron  can  be  converted  into  ferric  oxide  by  calcination,  and 
after  being  reduced  can  be  used  for  the  decomposition  of  fresh 
quantities  of  sulphide  of  zinc.  The  gases,  freed  from  zinc  in  the 
condensers,  and  which  consist  of  nitrogen  and  carbon  monoxide,  are 
to  be  used  as  fuel.  The  possibility  of  the  decomposition  of  sulphide 
of  zinc  by  iron  in  blast  furnaces  has  been  proved  by  the  smelting  of 
iron  ores  containing  zinc  blende.  As,  however,  the  zinc  vapours 
formed  are  also  diluted  in  this  case  by  vapours  of  nitrogen  and  carbon 
monoxide,  it  is  doubtful  whether  the  zinc  can  be  condensed  to  a  liquid 
even  by  the  employment  of  condensers  filled  with  red-hot  coal.  That 
the  condensation  of  zinc  to  a  liquid  may  be  possible  to  a  certain  degree, 
has  been  proved  by  the  production  of  fluid  zinc  in  the  so-called  zink 
stuhl,  in  the  old  shaft  furnaces  of  the  lower  Hartz,  in  which  zinciferous 
lead  ores  were  formerly  smelted.  If  the  condensation  of  zinc  in  the 
liquid  state  is  not  feasible,  it  would  be  necessary  to  be  content  with  the 
j)roduction  of  rich  bye-products.  Hitherto  no  experiments  have  been 
tried  on  a  large  scale  upon  this  process. 

The  Extraction  of  Zinc  in  Revcrheratory  Furnaces 

The  extraction  of  zinc  in  reverberatory  furnaces  has  been  attempted, 
but  has  always  been  attended  with  unfavourable  results.  Inconsequence 
of  the  oxidising  action  of  the  gases  in  these  furnaces,  zinc  oxide  was 
always  obtained,  but  never  the  metal.  Brackelsberg^  attempts  to  avoid 
the  oxidation  of  zinc  by  moulding  a  mixture  of  ground  ore  and  coal  into 

1  D.  R.  Patent,  No.  81,358,  August  7,  1894. 

2  D.  R.  Patent,  August  27,  1893. 
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bricks,  Avhich  he  builds  into  columns  in  the  laboratory  chambers  of 
reverberatory  furnaces  heated  by  producer  gas,  filling  the  interspaces 
between  these  columns  by  briquettes  of  coal  or  other  carbonaceous 
fuel.  The  producer  gas  is  to  be  burned  by  means  of  air  introduced 
either  by  pressure  or  by  draught.  The  flames  are  to  pass  through 
vertical  spaces,  left  when  the  briquettes  are  built  up,  from  above 
downwards,  into  a  condensing  chamber  built  below  the  laboratory 
chamber  of  the  furnace,  and  thence  into  the  gas  producer  of  a  second 
furnace.  By  means  of  the  flames,  these  briquettes  are  to  be  heated 
to  the  temperature  of  reduction  of  the  zinc,  the  excess  of  carbon  in 
the  furnace  reducing  the  carbon  dioxide  to  carbon  monoxide.  In 
the  condensing  chamber  blocks  of  metal  cooled  by  water  and  covered 
with  fireclay  are  distributed.  The  zinc  is  supposed  to  collect  in  the 
liquid  form  upon  the  bottom  of  this  condenser  and  to  be  tapped  off 
from  time  to  time.  Nothing  is  known  up  to  the  present  as  to  the 
employment  in  practice  of  this  furnace.  Even  though  it  might  be 
possible  to  avoid  the  oxidation  of  the  zinc,  the  zinc  vapours  would  be 
diluted  to  a  very  great  extent  by  the  products  of  combustion  of  the 
producer  gas  and  the  nitrogen  of  the  air,  so  that  it  would  be  impossible 
to  count  upon  the  production  of  liquid  zinc.  As  in  the  case  of  the 
shaft  furnace,  zinc  fume  would  be  formed  ;  the  production  of  liquid  zinc 
in  reverberatory  furnaces  must  therefore  be  looked  upon  as  hopeless, 
as  only  bye-products  rich  in  zinc  could  be  obtained  in  them. 

Froposals  for  the  Improvement  of  the  Condensation  of  Zinc    Vapours 
when  the  Distillation  Process  is  carried  on  in  Vessels 

As  is  well  known,  in  the  present  method  of  zinc  extraction  the 
condensation  of  the  vapours  is  the  weakest  point  of  the  process. 
The  greater  part  of  the  loss  of  zinc  is  due  to  the  fact  that  a  portion 
of  the  zinc  vapours  is  never  condensed  at  all,  and  that  another  portion, 
on  account  of  its  low  tension  as  compared  with  atmospheric  air,  is  not 
expelled  from  the  retorts,  but  burns  when  the  latter  are  emptied  out. 
The  condensation  of  zinc  vapours  is  only  perfect  between  the  narrow 
temperature  limits  of  415°  and  550°  C.  If  the  temperature  of  the 
Adapter,  in  which  condensation  takes  place,  is  lower  than  415°,  the 
zinc  passes  from  the  condition  of  vapour  direct  to  the  solid  state  and 
forms  a  fine  dust,  which  is  in  part  cai'ried  of  by  the  neutral  gases. 
If  the  temperature  exceeds  550"  C,  the  zinc  vapours  escape  without 
being  condensed.  Imperfect  condensation  is  due  to  the  impossibility 
of  regulating  the  temperature  of  the  small  adapters  at  present  in 
use,  which,  in  consequence  of  their  close  connection  with  the  furnace, 
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necessarily  fluctuates  with  every  variation  in  the  temperature  of  the 
furnace.  Zinc  vapours  remain  in  the  retorts  at  the  end  of  the 
distillation,  because  on  account  of  the  present  method  of  connecting 
retorts  and  adapters  it  is  impossible  to  draw  these  vapours  out  of  the 
retorts  into  the  adapters  by  means  of  draught. 

L.  Lynen,  of  London/    has  constructed  a  condensing  chamber 
common  to  several  adapters,  which  is  to  replace  tlie  present  form  of 
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condenser  and  to  avoid  the  above-named  objections.  Its  arrange- 
ment is  shown  in  Figs.  153  to  155.  There  are  here  two  condensing 
chambers,  &,  about  which  four  separate  furnaces,  separately  fired, 
are  so  arranged  that  one  condensing  chamber  lies  between  each 
pair  of  furnaces.  The  furnaces  are  fired  with  gas,  and  have  three 
tiers  of  muffles,  a,  one  above  the  other.  These  are  luted  to  per- 
forated bricks,  d,  which  are  so  shaped  that  the}^  connect  the  common 
condensing   chamber   with  the  back  end  of  the  muffie.     The  con- 

^  Zinc  Distillation  with  a  Common  Gondtnsing  Chamber,  L.  Lynen.    London,  1S93  ; 
August  Siegle,  30,  Lime  Street. 
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denser  has  a  sump,  e,  from  which  tlie  zinc  can  be  tapped  off,  and 
a  bath  of  zinc  of  a  definite  depth  is  always  left  in  the  condenser 
to  regulate  the  temperature.  For  the  same  purpose,  there  is  a  row 
of  tubes,  c,  through  which  air  can  be  admitted  into  the  condenser  and 
thus  cool  it  if  required.  It  is  connected  by  means  of  the  flue  /  with 
the  dust  flues  g,  and  -with  a  dust  chamber  in  which  any  zinc  fume 
formed  is  collected.  From  this  dust  chamber  the  current  of  gases 
passes  into  a  stack  connected  with  it.  In  consequence  of  the 
connection  of  retorts,  condenser,  dust  chamber  and  stack,  it  is 
possible  to  draw  any  zinc  vapour  that  may  be  left  in  the  retort  at 
the  end  of  the  distillation  out  of  that  retort  by  means  of  a  light 
draught.  The  thickness  of  the  walls  of  the  condenser,  the  bath  of 
zinc  at  the  bottom,  and  the  passage  of  air  through  the  air  tubes  in 
case  the  conden.ser  becomes  overheated,  are  supposed  to  make  it 
possible  to  keep  the  temperature  of  the  condenser  within  the  requisite 
limits.  The  bath  of  zinc  not  only  acts  as  a  regulator,  but  promotes  con- 
densation by  surface  attraction.  Finally,  it  also  admits  of  the  lead 
separating  out  in  the  lower  portion  of  the  sump  and  thus  forms  a  partial 
refining  furnace.  When  the  distillation  is  finished,  the  system  is  to 
be  worked  with  a  orentle  draught  in  order  to  draw  out  the  last  traces 
of  zinc  vapour  from  the  retorts ;  as  in  this  case  air  has  to  be  admitted 
into  the  retorts,  it  is  possible  that  a  portion  of  the  zinc  vapours  may 
be  converted  into  fume.  These  proposals  of  Lynen  would  seem  to 
deserve  consideration,  although  nothing  is  known  up  to  the  pre.sent 
of  any  practical  results  obtained  from  them. 

Proposals  for  Improving  the  MaUrwl  and  Sliape.  of  the   Vessels 

Steger^  has  j^roposed  to  replace  clay,  on  account  of  its  many 
defects,  by  magnesia  and  to  build  fixed  mufiies  from  tiles  made  of 
this  material,  which  are  to  be  much  larger  than  the  vessels  at  present 
employed  for  zinc  distillation.  According  to  his  statements,  magnesia 
•conducts  heat  2h  to  8  times  as  well  as  clay,  is  impenetrable  by  zinc 
vapours,  is  much  stronger  than  clay,  and  resists  higher  temperatures. 
The  construction  of  the  furnace  as  proposed  by  Steger  in  the  above- 
named  treatise  is  shown  in  Figs.  156  and  157,  the  first  a  longitudinal 
and  the  second  a  transverse  section  of  the  furnace  ;  a  are  three  retorts 
built  of  magnesia  bricks  with  arched  roof  and  floor.  Between  the 
separate  retorts  there  are  flues  (t,  in  Avhich  the  producer  gases  are 
burnt  by  means  of  heated  air,  these  gases  being  led  by  means  of  slots 
from  the  shafts  c,  into  the  flues  d.  The  air  for  combustion  is  heated 
'  P>7;«.s.s.  .1/////S.  /J.«-hr.,  is;94,  p.  w^. 
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in  the  retort  IV,  and  then  enters  the  flues  d.  The  products  of  com- 
bustion escape  through  slots  into  the  vertical  flue  e,  pass  at  the 
upper  end  thereof  into  the  flue  /,  and  finally  through  rj  to  the 
stack.  Hereby  the  bottom  as  well  as  the  top  of  the  muflies  are 
completely  surrounded  by  the  flame.  The  retorts  are  charged  and 
emptied  at  their  back  ends  where  they  open  out  into  a  vertical 
flue,  2^-  The  gases  and  vapours  which  escape  during  the  charging 
and  drawing  rise  up  in  this  flue,  whilst  the  distillation  residues 
fall  downwards.  The  adapters,  i,  are  at  the  front  ends  of  the 
retorts  in  a  vertical  chamber,  h,  to  the  back-wall  of  which  the 
retorts  are  secured  air-tight.  There  are  no  statements  regarding 
the  dimensions  of  the  retorts.  Their  size  and  thickness  are  to  be 
calculated  from  the  conductivity  of  the  magnesia,  from   the  heating 


Fig.  156. 


Fig.  157. 


capacity  of  the  gas  flues,  and  from  the  conductivity  of  the  material 
of  the  charoje.  The  advantages  of  the  magnesia  vessels  which 
are  chiefly  dwelt  upon  by  Steger,  are  their  great  durability,  the 
small  loss  of  zinc  during  the  operation,  the  possibility  of  charging 
them  with  ore  in  the  finest  state  of  division,  the  non-existence  of  any 
necessity  for  replacing  retorts,  greater  durability  of  the  adapters,  and 
larger  dimensions  of  the  latter,  more  rapid  charging  and  drawing, 
and  easier  and  more  healthy  work.  With  respect  to  the  durability 
of  these  magnesia  vessels,  Steger  is  of  opinion  that  they  would  last 
for  several  years,  whilst  clay  muffles  and  retorts,  on  the  other  hand, 
only  last  on  the  average  some  40  days.  Steger's  furnace  has  been 
patented  in  the  name  of  his  partner,  Francisci,  in  Schweidnitz.^ 
Experiments  with  this  furnace  are  now  being  tried  in  Silesia.  The 
magnesia  bricks  at  first  usel  showed  themselves  to  be  very  sensitive 

^  D.    R.    Patent,    70,28.5  ;  Belgian  Patent,  11)7,606  ;  Britisli  Patent,  No.    23,079  ; 
Austrian  Patent,  44/32.56  ;  American  Patent,  .526, 80S. 
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to  changes  of  temperature.  According  to  communications  from 
Dr.  Steger,  this  difficulty  is  said  to  have  been  overcome  at  present. 
No  conclusive  opinion  can  be  formed  of  the  furnaces  until  they  have 
been  in  Avork  for  some  considerable  time,  which  has  not  been  the 
case  up  to  the  present. 

The   Extraction   of    Zinc  by  the  Combined   Wet   and   Dry 

Methods 

The  direct  extraction  of  zinc  by  the  wet  method  is  not  possible 
because  zinc  cannot  be  thrown  down  in  the  metallic  form  from  its 
solution  by  any  metals  that  are  permanent  at  ordinary  temperatures. 
Apart  from  the  separation  of  this  rnetal  by  electrolysis,  only  com- 
pounds of  zinc  can  be  produced  in  the  wet  way,  from  which  the  zinc 
must  be  reduced  in  the  dry  way.  The  wet  method  of  zinc  extraction 
can  therefore  only  be  looked  upon  as  an  auxiliary  process  for  the  dry 
method,  in  which  the  zinc  is  obtained  from  ores  and  metallurgical 
products  in  the  form  of  aqueous  solutions,  from  which  compounds  of 
zinc  can  be  obtained  that  can  be  converted  into  oxide.  The  reduction 
of  the  oxide  to  metallic  zinc  is  performed  in  the  dry  way.  The  com- 
bined wet  and  dry  way  of  zinc  extraction  has,  however,  up  to  the 
present  been  found  to  be  too  dear  for  practical  purposes.  Zinc  has 
been  extracted  from  poor  ores  and  furnace  products  by  means  of 
sulphuric  acid,  hydrochloric  acid,  ammonia,  ammonium  carbonate,, 
magnesium  chloride,  calcium  chloride,  carnallite,  and  by  a  chloridising 
roasting  followed  by  leaching  of  the  chloride  of  zinc  so  formed,  the 
products  being  solutions  of  zinc  sulphate,  zinc  chloride,  ammonio- 
zincic  hydrate,  and  ammonio-zincic  carbonate  respectively.  Zinc 
oxide  has  been  produced  from  the  solution  of  the  sulphate  by  evapo- 
rating the  latter  and  heating  the  zinc  sulphate  obtained,  sulphuric 
anhydride  and  sulphurous  oxide  and  oxygen  being  given  off.  The 
process  has  not,  however,  been  employed  upon  a  large  scale. 

Parnell  proposes  ^  to  obtain  zinc  sulphate  by  treating  calcined  ores 
containing  zinc  oxide  with  sulphuric  acid,  to  evaporate  the  sulphate 
solution  until  it  commences  to  thicken,  then  to  stir  sulphide  of  zinc 
into  the  mass,  and  to  heat  the  mixture  in  a  muffle  furnace.  Sulphur 
dioxide,  which  is  to  be  used  for  the  manufacture  of  sulphuric  acid,  is 
said  to  escape  while  zinc  oxide  is  formed,  in  accordance  with  the 
equation : — 

3ZnS04  -I-  ZnS  =  4ZnO  +  4S0., 

This   reaction  is   probably  very  imperfect,  as  it  is   not   possible  to 
'  Kiirnthner  Ztschr.,  1881,  p.  32. 
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convert  the  whole  of  the  zinc  into  zinc  oxide.  This  proposal  has  not, 
therefore,  found   any  employment. 

W.  Marsh  has  proposed  to  precipitate  zinc  hydrate  from  a  solution 
of  tlie  sulphate  by  means  of  magnesia.  On  account  of  the  high  cost 
of  magnesia,  this  process  cannot  be  employed  upon  a  large  scale.  By 
beating  zinc  sulphate  with  carbon  upon  a  large  scale,  zinc  oxide  is 
only  incompletely  formed. 

Zinc  chloride  can  be  obtained  by  the  treatment  of  bodies  con- 
taining the  oxide  or  carbonate  of  zinc  with  h3^drochloric  acid, 
magnesic  or  calcic  chloride,  or  with  carnallite,  or  by  the  calcination 
of  zinc  blende  with  common  salt ;  and  zinc  oxide  can  be  obtained 
cheaply  by  treating  the  solutions  so  produced  with  milk  of  lime.  In 
addition  to  zinc  oxide  or  hydrate,  zinc  oxychloride  is  also  formed, 
and  this  method  for  the  production  of  zinc  oxide  has  been  found  to 
be  unsuitable  for  operations  on  a  large  scale. 

Of  the  salts  of  ammonia,  carbonates  show  the  greatest  capacity 
for  dissolving  zinc  oxides  from  ores  and  products,^  having  con- 
siderably greater  dissolving  powers  than  has  ammoniacal  liquor.  The 
most  suitable  solutions  are  those  containing  7  to  8  per  cent,  of 
ammonia  and  7  to  8  per  cent,  of  carbon  dioxide.  By  distilling  off 
the  ammonia  and  the  greater  part  of  the  carbon  dioxide,  the  zinc  can 
be  separated  as  a  basic  carbonate,  whilst  the  solution  is  regenerated 
with  the  exception  of  a  certain  quantity  of  carbon  dioxide  which  has 
to  be  replaced.  The  basic  zinc  carbonate  can  be  converted  into  oxide 
by  heating.  This  method  is  too  expensive  for  the  extraction  of  zinc 
from  poor  ores,  and  has  therefore  only  been  used  for  the  extraction  of 
zinc  oxide  from  argentiferous  metallurgical  products. 

Although,  therefore,  the  combined  wet  and  dry  method  of  zinc 
•extraction  from  poor  ores  has  not  yet  passed  the  experimental  stage 
for  the  reasons  above  stated,  it  has  nevertheless  come  into  use  in 
those  cases  in  which  the  object  is  not  the  extraction  of  metallic  zinc, 
but  the  separation  of  zinc  from  other  valuable  metals  and  metallic 
compounds,  and  the  conversion  of  the  zinc  into  a  bye-j)roduct  in  the 
form  of  merchantable  compounds  such  as  zinc  vitriol,  zinc  chloride, 
basic  zinc  carbonate  or  zinc  white,  as  also  for  the  production  of  zinc 
salts  from  residual  products  containing  zinc.  Where  and  to  what 
extent  the  wet  method  may  in  the  future  find  employment  as  an 
auxiliary  process  to  the  dry  way  for  the  production  of  compounds  rich 
in  zinc  from  ores  or  artificial  products  poor  in  zinc  cannot  at  the 
present  day  be  decided.     Stahl  -  has  determined  by  a  series  of  experi- 

'  Schnabel,  Preiiss.  Ztschr.,  vol.  xxviii. 
=*  Benj.  und  Hint.  Zt(j.,  1894,  p.  1. 
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ments  to  what  extent  the  zinc  contained  in  burnt  pyrites  can  be 
converted  into  chloride  by  chloridising  roasting,  and  what  proportion 
of  zinc  volatilises  in  this  jjiocess.  The  zinc  is  contained  in  the 
burnt  ore  as  sulphide,  sulphate  and  oxide.  It  was  not  found  possible 
to  convert  the  zinc  in  pyritic  residues  containing  7  to  11  per  cent, 
of  zinc  completely  into  chloride  by  a  single  chloridising  roasting 
even  although  pyrites  M'as  added,  which  greatly  promoted  the  forma- 
tion of  sulphate.  On  the  other  hand,  the  chloridising  of  zinc  was 
almost  complete  when  the  once  roasted  and  then  leached  ores  were 
submitted  to  a  second  chloridising  roasting  with  the  addition  of 
pyrites.  Only  2  to  8'5  per  cent,  of  zinc  volatilised  during  calcination 
in  the  form  of  zinc  chloride,  which  was  caught  again  in  condensing 
towers. 

The  Electeolytic  Exteaction  or  Zinc 

The  electrolytic  extraction  of  zinc  is  quite  modern.  Up  to  the 
present  the  extraction  of  zinc  in  the  wet  way  only  has  been  the 
object  of  continuous  energetic  experiments,  and,  in  fact,  in  some 
cases  the  process  has  been  actually  employed  upon  a  working  scale. 
The  extraction  of  zinc  in  the  dry  way  by  the  electrolysis  of  molten 
compounds  of  the  metal  has  not  yet  been  attempted  on  a  working 
scale,  although  propositions  in  this  direction  are  not  wanting.  We 
have  first  to  consider  the  electrolytic  extraction  of  zinc  in  the  wet 
way,  and  then  the  proposals  for  its  electrolytic  extraction  in  tjhe 
dry  way. 

The  Electrolytic  Extraction  of  Zinc  in  the  Wet  W^y 

As,  far  as  is  known,  experiments  with  this  object  were  first  made 
at  the  end  of  the  seventies  by  Luckow  in  Deutz,  and  at  the  com- 
mencement of  the  eighties  by  Letrange,  of  Paris,  without  their 
experiments  leading  to  any  satisfactory  results.  They  were  not  able 
to  obtain  the  zinc  in  compact  fusible  masses;. but  only  in  a  spongy 
form,  in  which  condition  it  cannot  be  melted,  but  burns  at  the  tenx- 
perature  required  for  the  fusion  of  zinc.  This  also  happens  even 
when  the  zinc  sponge  is  first  compressed,  and  then  introduced  into  a 
bath  of  molten  zinc.  At  the  same  time,  the  tension  of  the  electric 
current  required  to  decompose  the  electrolyte  is  a  comparatively 
high  one,  namely,  2  J,  to  4  volts.  Although  there  are  still  various 
opinions  as  to  the  reasons  that  cause  the  zinc  to  separate  in  the 
spongy  form,  continual  experiments  have  at  present  attained  the 
result  that  compact  pure  zinc  can  now  be  obtained  by  means  of 
electrolysis  on  a  large  scale,  and  that  this  can  readily  be  re-melted. 
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Up  to  the  present,  however,  tlie  extraction  of  zinc  from  zinc  ores 
proper  by  electrolysis  has  not  been  employed  on  a  working  scale 
on  account  of  the  high  costs  due  to  the  great  waste  of  electric 
energy  and  to  the  necessity  of  employing  special  precautions  for  the 
production  of  a  compact  deposit.  It  has,  however,  been  employed 
for  the  extraction  of  zinc  from  ores  which  do  not  contain  it  as  their 
principal  constituent  and  the  value  of  which  is  increased  by  the 
removal  of  zinc  from  it,  as,  for  instance,  zinciferous  pyrites  residues, 
also  for  the  parting  of  zinc  from  metals  with  which  it  is  alloyed,  and 
for  the  refining  of  zinc.  Its  employment  may  also  be  worth  con- 
sidering for  the  separation  of  zinciferous  lead  and  silver  ores,  from 
which  the  zinc  cannot  be  removed  by  dressing  operations  completely, 
nor  without  incurring  considerable  loss  of  both  metals — especially  of 
silver — as  also  for  the  removal  of  zinc  from  zinciferous  silver  ores. 

It  is  perfectly  possible  that  where  cheap  motive  power — such  as 
water-power — is  available,  this  method  might  be  employed  for  the 
treatment  of  zinc  ores  proper,  especially  if  they  contain  an  appreciable 
quantity  of  silver,  which  is  not  paid  for  by  the  zinc  works. 

Zinc  separates  in  the  form  of  sponge,  both  in  neutral  and  feeble 
acid  solutions,  and  when  either  soluble  or  insoluble  anodes  are  em- 
ployed. The  causes  of  the  sponginess  have  been  variously  assumed 
to  be  the  molecular  modification  of  zinc  by  hydrogen,  by  hydrogen 
and  zinc  hydride,  the  formation  of  zinc  oxide,  the  presence  of  foreign 
metals  in  the  electrolyte,  and  the  formation  of  haloid  acids  and  ox}'- 
chlorides.  Kiliani  found,  in  the  course  of  his  experiments  ^  to  deter- 
mine the  conditions  of  the  deposition  of  compact  zinc  from  solutions 
of  zinc  vitriol,  that,  even  when  soluble  anodes  were  employed,  if  the 
current  tension  was  low,  gas  was  evolved,  and  the  zinc  became  spongy; 
but  that,  on  the  other  hand,  if  the  current  tension  was  high  and  the 
solutions  not  too  dilute,  no  gas  was  evolved,  and  the  zinc  was  compact 
and  brilliant.  He  also  found  that  when  highly  dilute  solutions  were 
employed,  hydrogen  was  actively  evolved,  and  that  the  zinc  was 
always  spongy,  whether  the  current  was  feeble  or  strong.  With 
feeble  currents,  zinc  oxide,  together  with  zinc,  was  deposited  from 
dilute  solutions.  For  instance,  from  a  solution  containing  1  per  cent., 
with  a  current  tension  of  even  17  volts,  oxide  of  zinc  was  deposited 
when  only  0"07o5  gram  of  zinc  was  thrown  down  per  minute  upon 
a  1  square  centimetre  of  cathode  area.  The  results  of  Kiliani's  ex- 
periments are  shown  in  the  following  table.^  They  refer  to  a  solution 
of  zinc  vitriol  of  specific  gravity  1'38,  anodes  and  cathodes  being 
made  of  sheet  zinc  : — 

1  Berg,  uml  Hiitt.  Zty.,  1883,  p.  251. 

-  Borchers,  Ehktro-MdaUurgit.     Brunswick,  1891,  p.  '.Ui. 
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Zinc-  deposited 
per  minute  per 

Amperes  per 

Ga.s  evolved 

lier  I-.-)  grams 

of  zinc 

deposited. 

Cub.  cent. 

sq.  centimetre 

of  cathode 

surface 

square  metre. 

Nature  of  the  deposit. 

- 

Milligrams. 

0-0145 

7 

2-40 

Very  spongv. 

0  0361 

18 

2-27 

do. 

O-0755 

38 

0-56 

do. 

0-3196 

158 

0-43 

More  compact 

,  but  spongy  at  the 

edges. 

0-6392 

316 

0-33 

Can  still  be  w 

ped  off  readily. 

3-7274 

1.843 

— 

)  Firm  and   lui? 

trous,  with  bud-like  pro- 

38-7750 

19.181 

— 

\      jections  round  the  edges. 

From  a  10  per  cent,  solution,  Kiliani  obtained  the  best  deposits 
when  the  current  was  equal  to  04  to  0*2  milligramme  of  zinc.  Hence 
it  seems  that  excessively  great  current  tensions,  up  to  171  amperes 
per  square  foot,  are  necessary  to  produce  a  compact  deposit  of  zinc. 

Nahnsen,^  in  his  experiments  to  determine  the  most  suitable 
current  densities  and  temperatures  for  the  deposition  of  compact 
zinc  from  solutions  of  zinc  vitriol,  found  that  hydrogen  (primarily 
generated  by  the  addition  of  sulphuric  acid  to  the  solution  of 
zinc  vitriol,  plates  of  zinc  being  used  as  anodes),  which  formed  in 
great  quantity  at  the  cathodes,  does  not  make  the  zinc  spongy,  and 
therefore  assumed  that  the  sponginess  was  due  entirely  to  the  forma- 
tion of  zinc  oxide.  According  to  him,  the  hydrogen  which  appears 
at  the  cathode  simultaneously  with  the  spongy  deposits,  is  of  a 
secondary  nature,  produced  by  the  action  of  the  deposited  zinc  upon 
the  water  of  the  solution.  Nahnsen  further  tried  experiments  upon 
the  character  of  the  zinc  deposited  at  various  tensions  and  tempera- 
tures. These  were  tried  upon  solutions  of  zinc  sulphate  whose 
specific  gravities  at  18°  C.  were  respectively  1'0592,  1*1233,  1'192.'S, 
r2710,  I'So-iS,  and  l'-t460,  using  soluble  anodes  in  the  form  of  zinc 
plates  of  0'054  square  foot  in  area.  The  results  obtained  are  shown 
in  the  following  table,  in  which  the  density  of  the  current,  the 
temperature  of  the  electrolyte,  and  the  character  of  the  deposit  are 
indicated  : — 


CCRREST  DeNSITV. 

Tkmpbraturk  ok 

TiiK  Electrolyte. 

Ampires  per  sq.  foot. 

0-93 

4-57 

9-13 
13-60 
18  20 

+  Oii7'  C. 

-f  10 -.18°  C. 

Spongy 

1  Spongj'at  first 

Comj)act 

Compact 

Compact 

4-  L'0-7-2°  C. 

+  30-47=  C. 

Compact 
Compact 
Compact 

Spongy 

Spongy 

Spongj- at  first 

Compact 

Compact 

Spongy 

Spongy  at  first 

Compact 

1 

'   li',;/.  itiid  lliitt.  Zt<j.,  1893,  p.  393. 
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Accordino:  to  Nahnsen  other  salts  of  zinc  showed  similar  relations 
between  temperature  and  current  density,  but  the  limits  of  current 
strength  and  temperature  are  different  from  those  obtaining  in  the 
case  of  sulphates.  For  instance,  a  solution  of  zinc  nitrate,  moderately 
concentrated,  evolved  hydrogen  even  at  0°  C.  with  a  current  density  of 
9'4  amperes  per  square  foot ;  whilst  such  evolution  no  longer  occurred 
at  —  12°  C.  Whilst  Kiliani,  using  a  solution  of  zinc  suljDhate  of  1"38 
specific  gravity,  with  a  current  tension  of  30  amperes  per  square  foot, 
obtained  a  deposit  of  zinc  which  could  be  readily  wiped  off,  Nahnsen 
at  a  temperature  of  +  80  C.  obtained  from  a  solution  of  zinc  sulphate 
of  approximately  equal  concentration  with  a  current  density  of  18"8 
amperes  per  square  foot  a  perfectly  solid  deposit  of  zinc.  When  large 
electrodes,  3  feet  3  inches  by  1  foot  8  inches,  were  used,  the  latter 
obtained  at  a  temperature  of  +  21"  C.  an  unexceptionable  deposit  of 
zinc  with  a  current  density  of  7  amperes  per  square  foot.  When 
he  employed  electrodes  of  5'4  to  10*8  square  feet  in  area,  he  obtained 
good  zinc  with  a  far  less  current  density  than  could  have  been  expected 
from  the  experiments  carried  out  with  the  above  electrodes  of  0'05 
square  foot  in  area.  The  high  current  tensions  found  by  Kiliani  are 
explained  by  him  by  the  circumstance  that  the  latter  worked  with 
small  electrodes  ;  and  he  ascribes  the  fact  that  the  influence  of  current 
density  and  of  temperature  upon  the  nature  of  the  zinc  deposit 
decreases  with  the  increase  of  the  area  of  the  electrodes,  to  the  action 
of  the  edges  of  the  latter.  The  current  density  is  greater  at  the 
edges  of  the  electrodes  than  in  the  centre  part,  and  therefore 
<liminishes  the  average  total  density,  this  diminution  being  the  more 
noticeable  the  smaller  the  electrodes  are.  Up  to  the  present, 
however,  experiments  are  wanting  to  determine  the  effect  of  tem- 
perature above  the  given  limits  upon  the  character  of  the  zinc 
deposit,  and  thus  to  enable  a  correct  opinion  to  be  formed  upon  the 
subject.  Coehn^  is  of  the  opinion  that  the  formation  of  spongy  zinc  is 
due  to  the  evolution  of  hydrogen,  and  states  that  the  formation  of  this 
body  can  be  prevented  at  the  cathodes  even  with  low  current  density 
by  interrupting  the  current  from  time  to  time.  Thus  he  claims  to 
have  produced  a  compact  deposit  with  a  current  density  as  low  as 
47  amperes  per  square  foot  in  the  electrolysis  of  zinc  sulphate 
by  interrupting  the  current  50  times  per  minute.  During  the  inter- 
ruption the  current  was  made  to  traverse  a  second  bath,  these 
interruptions  being  produced  by  special  mechanical  contrivances. 
Cowper-Coles  -  attempts  to  produce  dense  deposits  of  zinc  by  in- 
creasing the  current  density  from  time  to  time  in  intervals  of  about 

1  D.  R.  Patent,  No.  75,482,  1S93.       -  D.  R.  Patent,  No.  79,447,  1X94. 
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<S  minutes.  Hoepfoer  ^  considers  that  an  active  motion  of  the 
electrolyte  by  means  of  rotating  cathodes  is  necessary  for  the  produc- 
tion of  dense  deposits.  Mylius  and  Fromm  -  agree  with  Nahnsen  in 
ascribing  the  cause  of  the  formation  of  spongy  zinc  to  the  formation 
of  zincj  oxide  or  of  basic  salts.  If  the  bonditions  are  not  favour- 
able to  the  formation  of  zinc  oxide,  no  sponge  is  produced.  On 
dissolving  zinc  sponge  in  mercury  they  always  obtained  a  residue 
containing  zinc  oxide  or  a  basic  salt,  the  amount  of  which  Avas  less 
than  1  per  qent.  of  the  weight  of  the  sponge.  If  oxidising  agents  were 
present  during  the  electrolysis  of  a  solution  of  zinc  sulphate,  zinc 
sponge  was  ahvays  formed,  whilst  in  the  absence  of  such  bodies 
deposits  of  smooth  white  zinc  were  obtained.  For  example,  a  10  per 
cent,  neutral  solution  of  zinc  sulphate,  with  a  current  of  10  amperes 
per  square  foot,  formed  sponge  at  the  end  of  two  minutes  in  the 
presence  of  001  per  cent,  of  hydrogen  peroxide.  AVhen  the  electro- 
lyte contained  O'l  per  cent,  of  zinc  nitrate  as  an  oxidising  agent,  a 
blackish-gray  deposit  of  zinc  containing  oxide  formed  at  the  end  of  one 
minute.  This  deposit  contained  zinc  nitrate  and  requires  further 
investigation.  A  cathode  of  sheet  zinc  which  had  been  touched  in 
several  places  with  turpentine  containing  oxygen,  showed  at  once  the 
commencement  of  the  formation  of  zinc  sponge  by  the  development 
of  grayish-black  stains  at  the  spots  that  had  been  touched.  From  a 
10  per  cent,  solution  of  sulphate  of  zinc  into  which  zinc  oxide  had 
been  stirred,  with  a  current  density  of  10  am^Jeres  per  square  foot,  five 
minutes  after  the  commencement  of  the  electrolysis  gray  spongy  zinc 
was  deposited  upon  the  cathode  of  sheet  zinc  in  a  streak  along  the 
surface  of  the  solution.  The  presence  of  foreign  metals  in  the 
electrolyte  promotes  the  oxidation  of  zinc,  and  therefore  the  formation 
of  sponge.  Although  Mylius  and  Fromm  thus  ascribe  the  spongi- 
iiess  of  zinc  to  zinc  oxide,  they  do  not  altogether  exclude  the  possi- 
bility that  hydrogen  may  play  a  jDart  in  its  formation.  According 
to  their  "views,  sponge  cannot  be  deposited  from  acid  solutions  of 
sulphate  of  zinc.  The  exjDeriments  of  Mylius  and  Fromm  have 
reference  to  soluble  zinc  anodes. 

Ashcroft  found  in  a  large  number  of  experiments  that  the  forma- 
tion of  spongy  zinc  was  always  connected  with  the  evolution  of 
iiydrogen,  and  that  zinc  oxide  Avas  not  deposited  direct  upon  the 
cathodes,  but  was  only  produced  by  the  decomposition  of  zinc  sponge 
already  formed  by  the  action  of  water.  According  to  Ashcroft's 
experiments,  the  formation  of  spongy  zinc  is  completely  prevented  in 

^  English  Patent,  No.  13,336,  1893. 
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solutions  of  zinc  chloride,  which  also  contain  sodium  sulphate,  by 
the  addition  of  certain  oxidising  agents,  such  as  potassium  per- 
manganate, potassium  chlorate,  chlorine  or  chloride  of  lime.  He 
also  found  that  less  zinc  was  always  deposited  from  acid  zinc  solutions 
than  is  required  by  theory  (187  grains  per  ampere  per  hour),  whilst 
a  larger  quantity  than  the  theoretical  was  always  deposited  from 
basic  salts.  In  some  cases  he  obtained  from  such  solutions  50  per 
cent,  more  than  the  theoretical  output.  In  experiments  of  this  kind, 
which  the  author  had  the  opportunity  of  witnessing,  in  London,  hot 
solutions  of  zinc  chloride,  saturated  with  zinc  oxychloride,  were  used 
and  produced  firm,  white  and  compact  zinc.  After  8  hours  the  solu- 
tion had  become  neutral  and  had  to  be  saturated  again  with  zinc 
oxychloride  to  keep  the  deposit  in  the  above  condition.  During  the 
first  2  hours  of  the  operation  the  excess  of  zinc  deposited  above  the 
theoretical  quantity  was  40  per  cent. ;  in  the  next  2  hours  37  per 
cent. :  in  the  next  2  hours  14  per  cent. ;  and  in  the  last  2  hours  the 
theoretical  quantity  only.  On  continuing  the  electrolysis  the  quan- 
tity of  deposited  zinc  fell  below  the  theoretical  quantity,  the  zinc 
became  spongy,  and  after  a  comparatively  short  time  no  more  zinc 
was  thrown  down. 

According  to  Siemens  and  Halske,  the  formation  of  spongy  zinc 
is  due  to  the  presence  of  small  quantities  of  hydrogen  and  traces  of 
zinc  hydride  (ZnH.,).  To  avoid  this  objection,^  they  propose  to  fix  the 
hydrogen  by  means  of  free  halogens,  or  by  such  halogen  compounds 
as  will  combine  with  the  hydrogen  with  the  formation  of  the  respective 
hydrides.  Among  such  bodies  applicable  to  a  solution  of  sulphate  of 
zinc  may  be  named  a  weak  solution  of  chlorine,  bromine  or  iodine,  or  a 
weak  solution  of  free  hypochlorous  or  hypobromous  acid,  or  chlorine 
or  bromine  gas,  or  chlorine  and  bromine  substitution  products  oi 
organic  bodies  which  are  soluble  in  Avater,  and  which  give  up  their 
chlorine  or  bromine,  and  are  thus  reduced  to  lower  compounds  by 
nascent  hydrogen,  as,  for  instance,  the  soluble  chlorhydrine  of 
glycerol,  and  other  glycols.  When  an  excess  of  chlorine  is  present 
in  ^the  solution  of  z.inc;  sulphate,  hypochlorous  acid  always  forms 
acc9rdiugto  the  following  equation  : — 

;    .  ,'2ZnSO,  +  2H20-F2Cl,-ZnCL-FZn(HSOJ,-F2HOCl.      '• 

The  chemical  changes  that  take  place  when  the  above  bodies  are 
added  are  the  following  : — Free  chlorine  forms  hydrochloric  a.ck\  with 
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either  liydrogen  or  A^ith  the  hydrogen  of  zincic  hydride,  as  is  shown 
in  the  following  equations  : — 

ZnH.,+  Cl.,  =  Zn  +  2HCl 
H  +  C1  =  HC1. 

As  these  substances  are  only  employed  in  very  small  quantities, 
the  hydrochloric  acid  produced  is  too  dilute  to  have  any  dissolving 
action  upon  the  cathode.  The  dilute  hydrochloric  acid,  however, 
forms  free  chlorine  with  hypochlorous  acid  formed  as  above,  as 
shown  in  the  following  equation  : — 

HCI  +  H0C1  =  H,0  +  CL 

Hypochlorous  acid  or  hypobromous  acid  acts  as  follows  upon 
zincic  hydride  and  hydrogen  : — 

ZnH.  +  HOCl  =  Zn  +  H.O  +  HCl 
H,  +  H0C1  =  H,0  +  HCI 

The  zinc  chloride  formed  by  the  action  of  chlorine  upon  zinc  is 
transformed  into  zinc  sulphate  by  the  sulphuric  acid  liberated  at  the 
anode  and  diffusing  from  it  through  the  solution,  as  shown  by  the 
following  equation  :■ — 

ZnCU  +  H,SO,  =  ZnSO,  +  2HCI 

The  hydrochloric  acid  thus  formed  again  forms  free  chlorine  with 
the  hypochlorous  acid. 

The  chlorine  liberated  in  these  various  reactions  continually  acts 
over  again  in  the  above  manner.  In  the  presence  of  hypochlorous 
acid  in  the  solution  the  chlorine  is  accordingly  regenerated  to  a  very 
large  extent.  Zinc  deposited  with  the  addition  of  these  bodies  is  said 
to  be  compact  and  of  a  silvery  colour.  It  is  necessary,  in  conducting 
the  process,  that  the  fluid  to  be  electrolysed  shall  constantly  show  a 
distinct  reaction  of  the  free  halogen  or  of  the  active  ox3^compound  of 
that  halogen. 

Mylius  and  Fromm  ^  consider  that  the  above  opinion  of  Siemens 
and  Halske,  that  the  formation  of  zinc ;  sponge  can  be  prevented  by 
the  destruction  of  zinc  hydride  as  above,  is  not  tenable.  They  refer 
the  action  of  chlorine,  iodine,  hypochlorous  acid,&c.,  merely  to  the  fact 
that  these  bodies  are  acid-formers.  Accordin.o- to  Borchers  -  it  has 
not  been  proved  that  ziric  hydride  is  formed  when  zinc  salts  are 
electrolysed.     He  is  of  the  same  opinion  as  Mylins  and  Fromm,  and 

'  Ztitsrhr,/.  Aiior<j.  Chtm.,  vol.  ix.,  1S95,  ]>,  144. 
-  Eh-tro-MeJannruy,  1896,  p.  28.3. 
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adds  that  io  the  presence  of  sulphurous  acid,  })hosphorous  and  hypo- 
phosphoroiis  acids,  i.e.,  of  reducing  agents,  he  has  obtained  the  same 
results  as  were  produced  by  Siemens  and  Halske  by  means  of 
chlorine,  bromine,  iodine,  &c.  According  to  tlie  experiments  of 
Nahnsen,  zinc  is  thrown  down  in  the  spongy  form  when  the  solutions 
of  zinc  salts  are  rendered  impure  to  any  great  extent  by  the  presence 
of  other  metals.  In  addition  to  the  absolute  quantity  of  these 
foreign  bodies  present,  the  strength  of  the  zinc  solution  and  the 
density  of  the  electric  current  are  also  important.  With  1  lb.  of  zinc 
to  1  gallon  of  solution,  0004  oz.  of  copper  in  the  gallon  have,  accord- 
ing to  Nahnsen,  no  effect  upon  the  character  of  the  deposit.  With 
h  lb.  in  1  gallon  there  is  a  distinctly  perceptible  evolution  of  gas. 
With  0'016  oz.  to  the  gallon  there  is  evolution  of  gas  and  the  deposit 
at  the  same  time  becomes  slightly  warty.  With  0  024  oz.  this  warti- 
ness  appears  earlier  and  more  strongly  marked;  and  with  0'048  oz. 
in  the  gallon  the  zinc  is  thrown  down  in  the  spongy  form. 

With  3'2  oz.  of  zinc  in  the  gallon  of  solution  as  little  as  0"0016  oz. 
of  copper  in  the  gallon  already  produces  a  few  scattered  spots.  With 
O'OOS  oz.,  the  whole  electrode  becomes  warty,  and  with  0'02  oz.  of 
copper  in  the  gallon  the  deposit  already  becomes  spongy  at  the  end 
of  .55  minutes.  Cadmium,  silver,  arsenic  and  antimony  are  said  to 
behave  like  copper ;  iron  is  said  to  promote  the  evolution  of  hydrogen 
and  to  render  the  baths  impure  by  the  separation  of  ferric  and  ferrous 
oxides,  without  having,  however,  any  influence  upon  the  formation  of 
spongy  zinc,  as  long  as  the  quantity  is  not  excessive.  For  instance, 
according  to  Nahnsen,  with  3'2  oz.  of  zinc  and  0'82  oz.  of  iron  as 
protoxide  in  the  gallon  of  solution,  no  sponginess  was  noticeable  ; 
neither  was  there  with  the  same  amount  of  zinc  and  0*4  oz.  of  iron  in 
the  form  of  peroxide. 

Mylius  and  Fromm  ^  assume  that  those  foreign  metals  which 
promote  the  oxidation  of  zinc  electrically,  give  rise  to  the  formation  of 
sponge.  According  to  their  experiments,  on  the  electrolysing  of  a  10 
percent,  solution  of  zinc  sulphate,  which  contained  0-004  per  cent,  of 
arsenic  as  ammonic  arsenite,  at  the  end  of  a  minute  zinc  sponge  was 
produced.  Nahnsen  proposes  first  to  precipitate,  by  means  of  lime  or 
a  similar  re-agent,  both  the  zinc  and  the  foreign  metals  from  the 
crude  solutions,  and  to  treat  the  precipitate  thus  obtained  with  the 
acid  electrolyte  escaping  from  the  baths.  The  latter,  after  it  has  been 
neutralised,  traverses  a  series  of  vessels  in  which  it  comes  in  contact 
with  zinc  dust,  which  precipitates  the  metals  which  are  electro- 
negative  towards  zinc,  an  equivalent  quantity  of  zinc  pa?sing  into 

^  Loc.  cii. 
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solution.  Iron  generally  occurs  iu  the  neutral  or  feebly  basic  solu- 
tions as  proto-salt.  It  can  only  be  precipitated  out  of  the  solution 
after  conversion  into  a  per-salt.  According  to  a  patent  of  the 
company  which  has  acquired  Egestorff' s  Salt  Works/  iron  can  be 
removed  from  solutions  of  sulphate  by  the  addition  of  carbonate  of 
lime,  and  passing  a  current  of  air  through  the  solution.  If  the 
iron  is  present  as  chloride  and  not  in  too  large  quantity,  it  is  best 
oxidised  and  precipitated  by  the  addition  of  a  small  quantity  of 
chloride  of  lime,  the  calcium  chloride  so  formed  having  no  injurious 
effect  upon  the  electrolysis.  If  the  quantity  of  iron  present  is 
exceedingly  small,  the  iron  is  best  oxidised  by  a  solution  of  a  chromate 
and  precipitated  by  the  simultaneous  addition  of  soda,  zinc  oxide  or 
zinc  carbonate.  Both  the  iron  and  chromium  are  thus  thrown  down 
in  the  form  of  hydrates,  as  shown  in  the  following  equation,  sodic 
chromate  and  soda  being  employed  : — 

GFeClo  +  2Na.,CrO,  +  ^Na.COg  +  12H.,0  =  8Fe..H,0,  +  Cr,H«0,  + 
12NaCl  +  4Cb,. 

According  to  Pfleger  -  basic  zinc  salts  (ZnCl,,  SZnO,  or  ZnSO^, 
4ZnO)  are  to  be  added  to  the  solutions  of  zinc  to  purify  the  latter 
and  to  produce  a  basic  electrolyte,  previous  to  electrolysis.  At  the 
same  time  foreign  metals  are  thus  to  be  precijiitated  as  basic  salts, 
hydrates  or  oxides,  by  which  means  the  solution  of  foreign  metals, 
which  may  be  present  in  the  zinc  anodes,  as  also  the  formation  of 
spongy  zinc  at  the  cathodes,  are  said  to  be  prevented.  If  the  anode 
contains  insufficient  zinc,  and  the  basic  character  of  the  electrolyte  is 
in  consequence  diminished,  care  must  be  taken  to  replace  the  zinc 
oxide  from  time  to  time.  As  pointed  out  by  Borchers,  when  zinc 
solutions  contain  proto-salts  of  iron,  these  must  be  oxidised  to  per- 
salts  by  means  of  chloride  of  lime,  sodic  hypochlorite,  or  by  chromates 
before  the  basic  zinc  salts  are  added."'* 

Pertsch  *  assumes  that  the  formation  of  spongy  zinc  in  the 
electrolysis  of  solutions  of  zinc  chloride  is  due  to  the  formation  of 
haloid  acids,  oxychlorides,  basic  oxychlorides,  and  other  imperfectly 
known  compounds.  To  prevent  the  formation  of  sponge,  he  adds  a 
solution  of  zinc  oxalate  in  aqueous  oxalic  acid  to  the  electrolyte.  I-ii» 
the  presence  of  this  salt  the  formation  of  chlorous  and  hypochlorous 
acids  is  said  to  be  prevented,  nor  is  any  notable  amount  of  water 
decomposed.  The  action  of  the  zinc  oxalate  depends  upon  the  easy 
decomposability  of  this  salt   into  metal  and  acid  radical.     Oxalic  acid 

'  D.  R.  Patent,  No.  23,712.  -  U.  S.  A.  Patent,  495,937,  April  19,  1893. 

3  J,ihrh.  d.  Etp.ctm  Chr-m.,  IS!).!,  p.  ]VU.  *  1).  R.  Patent,  No.  60, 18."). 
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used  in  this  process  is  destroyed  in  consequence  of  its  decomposition 
by  polarising  bodies.  If,  therefore,  the  process  were  even  to  work 
satisfactorily  it  would  be  too  expensive. 

Lindemann  ^  has  found  that  a  compact  and  perfectly  pure  deposit 
of  zinc  can  be  obtained  from  a  solution  of  zinc  sulphate,  if  zinc 
sulphide  is  maintained  in  suspension  in  the  solution,  the  sulphide 
being  precipitated  by  sulphuretted  hydrogen  from  a  neutral  solution 
of  zinc  sulphate.  This  process  has  not  yet  come  into  use.  It  would 
seem,  therefore,  that  a  wide  field  still  remains  open  to  investigation 
to  solve  the  exact  reason  of  the  formation  of  spongy  zinc. 

We  have  now  to  distinguish  : — 

1.  The  extraction  of  zinc  from  ores'. 

2.  The  extraction  of  zinc  from  alloys. 


1.   The  Extraction  of  Zinc  from  Ores 

When  zinc  is  to  be  extracted  from  ores,  the  solution  should,  as  a 
rule,  be  produced  apart  from  the  electric  circuit.  In  the  majority  of 
the  processes  proposed  up  to  the  present,  the  zinc  is  dissolved  in  the 
form  of  sulphate  or  of  a  double  sulphate,  as  chloride  or  a  double 
chloride  in  combination  with  alkalies  or  alkaline  salts,  or  combined 
with  vegetable  acids,  the  metal  being  deposited  from  these  solutions 
by  means  of  the  electric  current.  Unless  other  metals  are  to  be 
dissolved  from  the  anodes,  it  is  necessary  to  work  Avith  insoluble 
anodes.  An  evolution  of  gas  is  thus  produced,  and  a  great  con- 
sumption of  electric  energy  is  rendered  necessary.  At  the  same 
time  this  evolution  of  gas  tends  to  the  formation  of  spongy  zinc. 
Much  attention  has  been  given  to  overcoming  these  objections  as  far 
as  possible  by  means  of  acid  depolarising  agents,  and  by  employing 
electrolytes  which  are  good  conductors,  and  in  some  instances, 
good  results  have  been  obtained.  The  various  depolarising  agents 
will  be  described  under  the  individual  processes  to  be  mentioned 
below. 

A  general  method  of  depolarising,  proposed  by  Borchers,  which 
has  not  yet,  however,  been  employed  practically,  will  alone  be  re- 
ferred to  here.  Borchers  proposes  in  consequence  of  certain  ex- 
periments carried  out  by  him,  to  employ  oxygen  separated  in  the 
course  of  electrolysis  as  an  oxidising  agent  for  certain  organic  com- 
pounds in  place  of  the  oxidising  agents,  such  as  peroxides,  per- 
manganates, chromic  acid,  arsenic  acid,  &c.,  hitherto  used,  and  thus 

^  D.  R.  Patent,  Kl.  40,  Xo.  Sl,G4il.  -  Op.  <■;/.,  p.  98. 
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to  combine  the  electrolysis  of  the  metal  with  a  process  of  oxidation 
to  the  advantage  of  both  operations.  The  material  for  his  oxidation 
process  he  finds  in  various  distillation  products  of  coal  tar,  such,  for 
example,  as  the  cresols.  By  mixing  and  digesting  these  substances 
with  concentrated  sulphuric  acid  they  are  readily  converted  into 
cresol-sulphionic  acids,  which  are  good  conductors  and  are  readily 
soluble  in  water.  In  the  course  of  a  sufficiently  long-continued 
electrolysis,  these  are  oxidised  to  carbon  dioxide,  water  and  sulphuric 
acid.  If,  however,  the  electrolysis  is  interrupted  at  a  suitable  time, 
according  to  Borchers,  the  Avhole  series  of  the  theoretically  possible 
intermediate  oxidation  products  can  be  obtained.  It  is  a  necessary 
condition  for  the  combination  of  electrolysis  with  the  processes  of 
oxidation,  that  the  oxidation  product  formed  shall  be  readily  separable 
from  the  solution  that  has  to  be  electrolysed.  In  experiments  carried 
out  with  such  materials,  Borchers  Avith  a  current  of  4'6  to  5 "6  amperes 
per  square  foot  obtained  a  brilliant  and  compact  deposit  of  zinc.  In 
order  to  maintain  this  current  density,  a  tension,  according  to  the 
proportion  of  zinc  in  the  electrolyte,  of  from  1'5  to  2  volts  was  re- 
quired. When  currents  of  14  amperes  per  square  foot  and  an  initial 
tension  of  3  volts  were  employed,  Borchers  obtained  good  zinc,  but 
the  bath  rapidly  heated  and  increased  the  tension  to  such  an  extent 
that  the  work  became  unprofitable.  The  quantity  of  zinc  which  can 
be  calculated  upon  in  this  method  of  depolarisation  is  given  by 
Borchers  as  at  the  utmost  0'9  lb.  per  hour  per  horse-power.  Nothing 
is  yet  known  about  the  practical  execution  of  this  project. 

With  the  employment  of  insoluble  anodes  the  tension  in  the  bath 
averages  3  to  4  volts.  When  calculated  for  zinc  sulj^hate  from  the 
calorific  effect  Q  and  from  the  quantity  of  current  required  according 
to  Faraday's  law  for  the  decomposition  of  an  electro-chemical 
molecule  :  — 

(7)  -l'  = .  ,    -  =     -  0-433  volt, 

V .y .Co         .    V 

the  tension  amounts  to  2'29  volts,  v  being  the  number  of  electro- 
chemical molecules  in  one  molecule.  According  to  Killiani  the  tension, 
when  carbon  anodes  are  used,  must  be  at  least  2'5  volts  to  prevent  the 
deposition  of  zinc  oxide,  together  with  the  zinc.  The  power  which  is 
required  to  precipitate  one  kilogramme  of  zinc  per  hour  from  solu- 
tions of  zinc  salts,  and  with  a  tension  of  2  5  volts  in  the  bath,  can  be 
calculated  as  follows  : — 

To  deposit  one  kilogramme  (2'21bs.)  of  zinc  jier  hour,  820  3  amperes 
are  required.     At  a  tension  of  2'o  volts  the  power  required  amounts 
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^     820-328  X  2-5        2058        ^  ^^.  ,     .  . 

to    — ^yT^-     .jvT        =  ~i^-    =  2'80  li.-p.      As,  however,  a  liorse-power 

10    X    t/ol  ( oO 

does  not  produce  735  watts,  but  12  per  cent,  less  =  650  watts  in 

consequence  of  the  power  lost  when  mechanical  work  is  converted 

into  electricity,  and  as  the  older  dynamos  wasted  25  per  cent,  of  the 

current  in  consequence  of  the  conversion  of  the  latter  into  heat,  &c., 

2 '80 
the  horse-power  must  be  reckoned  as  |^-a  t,  TjTtk  =  4*24  h.-p.     For 

a  tension  of  3  volts  in  the  bath  the  horse-power  may  similarly  be 
calculated  as  amounting  to  5*06  h.-p.  If  2  kilogrammes  of  coals  are 
reckoned  per  horse-power  per  hour  the  quantity  of  coal  consumed 
for  1  kilo  of  zinc  would  amount  to  8*48  and  10  kilos  respectively. 
With  modern  steam  engines  working  with  high  pressure,  expansively, 
and  condensing,  the  loss  of  power  in  the  conversion  of  mechanical 
work  into  electricity  may  be  estimated  at  9  per  cent.,  whilst  in  the 
modern  dynamos  6  per  cent,  of  the  original  power  is  lost,  so  that  a 
total  loss  of  power  of  15  per  cent,  occurs.  To  this  may  be  added 
10  per  cent,  of  the  current  lost  in  the  conductors,  whilst  the  con- 
sumption of  coal  per  horse-power  per  hour  amounts  in  modern  steam 
engines  to  1  to  1'5  kilos  of  coal.  Having  regard  to  these  considera- 
tions therefore,  the  consumption  of  power  and  of  coals  may  be 
calculated  at  a  lower  figure  than  that  given  above. 

As  regards  the  extraction  of  zinc  from  the  ores  by  means  of 
electrolysis,  it  is  but  rarely  perfect,  as  when  zinc  is  leached  out  by 
means  of  dilute  acids  certain  quantities  of  metal  generally  remain  in 
the  residues.  This  is  especially  the  case  when  the  ores  contain  iron, 
as  is  generally  the  case.  If  ferriferous  zinc  blende  is  calcined,  as  re- 
quired for  the  production  of  zinc  salts,  a  certain  portion  of  the  zinc 
oxide  formed  becomes  insoluble  in  dilute  acids  and  very  difficultly 
soluble  in  hot  concentrated  acids.  According  to  communications 
from  Nahnsen  the  extraction  of  zinc  from  Upper  Silesian  ores,  which 
contain  5  to  25  per  cent,  of  iron,  varies  between  97  and  80  per  cent. 
From  Hhenish  and  Belgian  ores  containing  very  little  iron,  zinc  is 
said  to  be  extracted  down  to  2  per  cent,,  and  even  less.  The  presence 
of  lead  has  no  effect  upon  the  extraction  of  zinc  as  long  as  particles 
of  zinc  blende  are  not  enveloped  in  the  sulphate  of  lead  formed  from 
the  sulphide  during  calcination. 

{a)   The  Extraction  of  Zinc  from  Zinc  Ores  Proper 

The  extraction  of  zinc  from  zinc  ores  proper  has  up  to  the  present 
nowhere  come  into  use,  and  having  regard  to  the  power  required,  as- 
stated  above,   for  the   deposition  of   the  zinc,  as  also  for  the   diffi- 
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culties  connected  with  the  iDrocluctiou  of  comjiact  zinc,  there  seems 
but  little  likelihood  of  its  introduction  upon  a  working  scale  in  the 
immediate  future.     The  extraction  of  zinc  from  solutions  of  sulphate 
and  chloride,  combined  with  dissolving  the  zinc  out  of  its  ores  within 
the  electric  circuit,  had  been  proposed  in  1880  by  Luckow,^  but  has 
never  come  into  use  upon  a  large  scale.      The  patent  covers  the 
production  of  zinc  by  the  electrolysis  of  concentrated  solutions,  the 
acids   or  the  chlorine  thus  liberated   being  allowed  to  act  upon  the 
zinc  ores,  whilst  polarising  is  prevented  by  mechanical  or  chemical 
means.     The  decomposing  cells  are  to  be  formed  of  wooden  vats ; 
sheets  of  zinc  are  to  be  used  as  cathodes,  and  wire  baskets  as  anodes, 
these    containing   mixtures    of  carbon  and   zinc    ores   or  zinciferous 
metallurgical  products,  or  baskets  or  boxes  made  of  wire  and   filled 
with  carbon  only.     The  zinc,   which  is  said   to   separate  oat  at  the 
cathode  in  the  form  of  grains,  is  to  be  caught  on  frames  covered  Avith 
cloth,  arranged  beneath  the  cathodes.     By  employing  a  solution  of 
chloride    of  zinc  or  a  feebly  acid  solution  of  common  salt  as   the 
electrolyte,  and  a  mixture  of  coke  and  zinc  blende  as  the  anode,  the 
chlorine  evolved  during  the  electrolysis  was  said  to  decompose  the 
blende  and  dissolve  the  zinc.     When  the  anode  consists   of  carbon 
alone,  the  chlorine  produced  was  either  to  be  removed  mechanically 
by  forcing  in  air,  or  chemically  by  forcing  in  sulphur  dioxide.     This 
process  has  not  been  employed  on  a  working  scale.     The  employment 
of  ores  as  anodes,  or  the  dissolving  of  zinc  out  of  them  in  the  bath, 
is  not  capable  of  execution.     Chlorine  attacks  calcined  zinc  ores  not 
at  all,  and  blende  but  slightly.     The  zinc  is,  moreover,  deposited  in 
the  spongy  form. 

The  process  of  Letrange,-  which  was  tested  at  St.  Denis,  in  France, 
upon  a  large  scale,  depends  upon  the  transformation  of  zinc  blende 
into  the  sulphate  outside  the  electric  circuit,  and  the  deposition  of  the 
zinc  from  the  sulphate  by  means  of  the  electric  current.  In  this 
process  depolarisation  was  not  attempted.  The  ores  at  St.  Denis 
were  blendes,  which  were  exposed  to  a  sulphatising  calcination  in 
reverberatory  furnaces,  or  were  burnt  in  kilns,  and  then  brought  into 
contact  with  the  sulphur  dioxide  produced  during  calcination. 
By  means  of  the  calcination  a  portion  of  the  sulphide  of 
zinc  was  converted  into  sulphate,  another  into  zinc  oxide.  By 
means  of  sulphur  dioxide  the  zinc  oxide  was  converted  into  zinc 
sulphite,  which  in  the  course  of  time  was  oxidised  to  zinc  sulphate  by 

1  D.  R.  Patent,  No.  14,256. 
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exposure  to  the  air.  The  blende  thus  prepared  was  transferred  to 
leaching  vats,  in  which  it  was  treated  with  water  or  Avith  the  acid 
solutions  obtained  in  electrolysis.  The  zinc  sulphate  solution  thus 
obtained  was  run  first  into  a  collecting  tank,  and  thence  into  the 
baths.  These  latter  were  vats  with  double  bottoms ;  the  zinc 
solution  was  introduced  into  the  interspaces  between  the  two 
bottoms,  and  rose  up  through  perforations  in  the  upper  one.  The 
anodes  consisted  of  plates  of  carbon,  the  cathodes  of  plates  of  brass 
or  zinc.  As  it  slowly  ascended,  the  zinc  solution  gave  off  a  consider- 
able portion  of  its  zinc  contents  to  the  cathode,  and  thus  reached 
the  upper  portion  of  the  tank,  whence  it  flowed  through  an  over- 
flow tube  into  a  collecting  tank.  From  this  tank  it  was  made  to 
pass  over  roasted  ore  in  order  to  saturate  itself  with  zinc  and  to  be 


again  electrolysed.  The  arrangement  of  the  plant  is  shown  in  Fig. 
158.  A  are  the  vessels  for  leaching  the  calcined  blende;  B  is  the 
collecting  tank  for  the  solution  ;  G  are  the  baths ;  c  are  the  plates  of 
zinc  or  brass  placed  opposite  to  the  plates  of  carbon  forming  the 
anodes ;  o  are  the  openings  for  the  overflow  pipes ;  d  are  the  tubes 
which  convey  the  solution  to  be  electrolysed  under  the  false  bottom 
of  the  baths.  The  acid  electrolysing  solution  is  lifted  by  means  of 
the  pump  P  out  of  the  collecting  tank  placed  beneath  it  into  the 
vessel  B,  from  which  it  passes  into  the  leaching  tanks  A.  The  zinc 
is  said  to  have  been  deposited  at  the  cathode  in  the  form  of  sheets, 
and  when  its  thickness  reached  0"16  to  0"2  inch,  it  was  stripped  off 
from  the  cathode  by  means  of  a  knife.  The  zinc  contained  iron, 
because  ferric  sulphate  was  dissolved  out  from  the  calcined  blende.  The 
current  density  and  tension  employed  in  this  process  are  not  stated  ; 
as  no  depolarising  took  place,  these  must  have  been  so  high  as  to 
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"compel  the  abandonment  of  the  process.  The  zinc  may  also  have 
been  deposited  in  the  spongy  form.  In  the  literature  on  the  subject,^ 
the  amount  of  zinc  deposited  per  hour  per  horse-power  is  given  a& 
1'3  lbs.,  which  is  far  too  high  a  figure.  It  probably  did  not  amount 
to  0'4  lb.  The  consumption  of  coals  per  hour  per  horse-power 
may  be  assumed  on  the  average  as  about  4i  lbs.  It  is  therefore 
readily  explicable  that  when  the  power  I'equired  for  electrolysis  has 
to  be  obtained  by  the  combustion  of  coal,  the  extraction  of  zinc  in 
the  dry  way  comes  cheaper  than  the  electrolytic  extraction  of  zinc 
from  solutions  of  sulphate  in  the  above  fashion. 

Hermann  2  has  attempted  to  improve  the  process  by  the  em- 
ployment of  double  salts  of  zinc  sulphate  and  sulphates  of  the 
alkalies,  of  magnesium  or  of  aluminium.  Nahnsen  has  also  recom- 
mended the  addition  of  alkaline  sulphates  to  solutions  of  zinc 
sulphate  ;  it  is  at  any  rate  a  fact  that  zinc  sulphate  containing  double 
salts  was  employed  by  Nahnsen  in  his  experiments  for  working  the 
zinc  ores  at  Lipine  in  Upper  Silesia.  Nahnsen's  process,  which  is 
kept  secret,  has  been  tried  experimentally  at  the  works  of  the 
Silesian  Company  for  zinc  mining  and  smelting  in  Lipine,  and  is  said 
to  have  been  proved  technically  feasible.  The  composition  of  the 
electrolyte  is  kept  secret.  It  can  only  be  said  that  it  consists  of  zinc 
sulphate  in  combination  with  other  salts  which  are  not  decomposed  at 
the  tension  of  the  current  employed.  According  to  the  process 
patented  by  Nahnsen,^  the  electrolyte  contains  7  to  11  oz.  of  crystal- 
lised zinc  sulphate  and  I'o  to  3  lbs.  of  alkaline  sulphate  in  the 
gallon  according  to  the  strenoth  of  the  current.     Nahnsen  has  com- 

o  o  o 

municated  the  following  to  the  author  respecting  his  process  : — 

"  The  ores  (blende)  are  first  calcined  in  the  same  way  as  for  distilla- 
tion ;  they  are  then  brought  into  contact  with  hot  acid  solutions  as 
these  leave  the  baths,  the  zinc  being  thus  extracted  from  them.  The 
zinc  solution  is  neutralised  and  clarified,  treated  in  tanks  with  zinc 
dust  for  the  precipitation  of  any  electro-negative  constituents  that 
may  be  present,  and  then  returned  to  the  baths.  The  essential 
apparatus  in  this  plant  is  that  used  for  the  solution  of  the  zinc,  which 
is  so  arranged  upon  the  principle  of  opposing  currents,  that  the  zinc 
ores  are  fed  in  automatically  and  the  residues  free  from  zinc  auto- 
matically removed.  The  Avhole  process  consists  of  the  following  two 
phases: — (1)  Decomposition  of  the  electrolyte  in  the  bath  into  zinc 
and  sulphuric  acid  ;  (2)  transfer  of  the  sulphuric  acid  or  of  the  acid 
solution  into  the  dissolving  apparatus,  where  it  is  saturated  with  zinc 

1  Berg,  mid  Hiitt.  Ztg.,  1883,  p.  287. 
-  D.  R.  Patent,  No.  24,682,  April  24,  1883.  »  D.  R.  Patent,  No.  71,155. 
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•from  the  ores.  It  is  essential  for  the  execution  of  the  process  that 
solutions  free  from  iron  should  be  obtained.  This  object  is  attained 
by  allowing  the  acid  solutions  in  the  dissolving  tanks  to  come  in  con- 
tact with  ores  containing  continually  increasing  percentages  of  zinc, 
so  that  any  oxide  of  iron  in  the  solutions  is  rapidly  precipitated  by 
the  oxide  of  zinc.  By  this  means  solutions  of  zinc  sulphate  free 
from  iron  are  obtained.  Any  electro-negative  metals  that  may  be 
present  in  the  solutions  are  precipitated  by  means  of  zinc  dust." 

The  zinc  is  obtained  pure  and  in  a  compact  form.  With  plates 
0*8  inch  thick,  the  loss  on  melting  is  about  4  per  cent.  The  zinc 
contains  99'9  per  cent,  of  metal.  According  to  Nahnsen  the  question 
of  apparatus  is  the  important  one  in  carrying  out  this  process  on  a 
large  scale,  but  the  results  obtained  experimentally  admit  of  the 
conclusion  that  in  this  respect  too  the  proper  methods  are  being  fol- 
lowed.    The  process  has  not  yet,  however,  come  into  use. 

Lindemann^  proposes  to  throw  down  by  meansof  the  electric  current 
very  pure  zinc  in  the  compact  condition  from  solutions  of  zinc  sulphate 
in  which  zinc  sulphide  is  suspended.  The  sulphide  of  zinc  is  produced 
by  precipitating  a  solution  of  pure  zinc  sulphate  of  87°  to  38°  B.  by 
means  of  sulphuretted  hydrogen.  The  electrodes  consist  of  rolled 
lead.  They  are  0-4  inch  apart,  and  the  current  density  employed 
in  the  experiments  amounted  to  10  amperes  per  square  foot ;  the  ten- 
sion, which  is  not  stated,  may  be  taken  as  3  to  4  volts.  The  cathodes 
were  subsequently  to  be  replaced  by  electrolytic  deposits  of  zinc 
with  their  edges  cut  smooth.  The  anodes,  which  gradually  become 
covered  with  a  superficial  layer  of  peroxide  of  lead,  must  be  freed 
from  the  latter  by  being  washed  from  time  to  time.  As  soon  as  the 
bath  contains  9  to  9i  ounces  of  free  sulphuric  acid  per  gallon,  a 
current  density  of  10  amperes  per  square  foot  can  no  longer  deposit 
zinc  from  it.  Before  therefore  the  free  acid  present  reaches  this 
amount,  the  electrolyte  must  be  replaced  by  a  neutral  solution  of 
zinc  sulphate.  The  zinc  sulphide,  which  is  gradually  decomposed  by 
the  acid  liberated,  must  be  renewed  from  time  to  time.  This  pro- 
cess has  not  yet  come  into  use. 

Siemens  and  Halske  ^  propose  for  the  extraction  of  zinc  from  its 
sulphide  a  process  similar  to  that  for  the  extraction  of  copper  from 
ores  containing  copper  sulphide,^  in  which  polarising  is  partly  pre- 
vented by  the  secondary  action  of  the  anion  upon  the  electrolyte 
The  slightly  roasted  zinc  blende  is  to  be  treated  outside  the  electric 
circuit  with    a    solution  of  ferric  sulphate  containing  free  sulphuric 

1  D.  R.  Patent,  Kl.  40,  No.  81,640.  -  D.  R.  Patent,  No.  42,243. 
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acid,  whereby  the  zinc  is  dissolved  in  the  form  of  sulphate,  ferrous 
sulphate  being  at  the  same  time  produced,  and  sulphur  separated 
out,  two  molecules  of  ferrous  sulphate  being  formed  for  every  mole- 
cule of  zinc  sulphate,  as  shown  in  the  equation  : — 

ZnS  +  Fe2(SOj3  =  ZnSO,  +  2FeS0,  +  S. 

The  solution  of  zinc  thus  obtained  is  conducted  into  the  bath,  first 
to  the  cathodes,  and  then  to  the  anodes.  At  the  cathodes  a  portion  of 
the  zinc  is  deposited,  whilst  the  acid  radical,  SO^,  goes  to  the  anode. 
The  solution  from  which  a  portion  of  its  zinc  has  been  removed  flows 
to  the  anode  where  the  ferrous  sulphate  is  re-converted  by  the  anion, 
SO4,  into  neutral  ferric  sulphate  Fe2  (SOJ.5.  This  ferric  sulphate  is 
then  caused  to  act  ui^on  a  fresh  quantity  of  sulpliide  of  zinc.  By 
the  oxidation  of  ferrous  to  ferric  sulphate  at  the  anode,  an  amount  of 
electric  energy  equivalent  to  the  heat  of  combination  thus  produced 
is  evolved,  and  this  partly  counteracts  the  back  electro-motive  force 
produced  by  the  decomposition  of  the  zinc  sulphate  at  the  cathode. 
The  process  of  electrolysis  is  expressed  by  the  equation : — 

ZuSO^  +  2  Fe  SO,  =  Zn  +  Fe,(S0j3. 

This  process  has  never  come  into  use  in  any  way,  nor  is  it  likely 
to  be  introduced.  The  solution  of  zinc  sulphide  is  very  slow  and 
very  imperfect,  and  the  electrolyte  contains  very  large  quantities 
of  iron. 

Coehn  ^  jjroposes  to  use  accumulator  slabs  of  lead  oxide  as  anodes 
for  the  electrolysis  of  oxy-salts  of  zinc,  such  as  the  sulphate.  During 
the  electrolysis,  the  lead  oxide  is  converted  into  lead  peroxide,  and 
the  plates  are  then  to  be  used  for  the  generation  of  electricity  in  lead 
peroxide  and  carbon  elements  with  sulphuric  acid.  Nothing  is 
known  as  to  the  practical  execution  of  this  process. 

The  process  of  Gunnar  Elias  Cassel  and  Frederik  A.  Kjellin,  of 
Stockholm,^  avoids  polarisation  by  the  emj)loyment  of  anodes  of 
metallic  iron  or  of  some  other  metal,  a  plate  of  zinc  forming  the 
cathode.  The  anodes  and  cathodes  are  separated  by  a  diaphragm  of 
j)orous  clay  or  some  other  suitable  material.  The  cathode  compart- 
ment contains  the  solution  of  sulphate  of  zinc  to  be  electrolysed, 
which  has  been  jjroduced  by  the  leaching  of  calcined  blende  with 
sulphuric  acid.  The  anode  compartment  contains  sulphate  of  iron  or  a 
sulphate  of  the  metal  employed  as  anode.  Zinc  is  thrown  down  at  the 
cathode  by  means  of  the  current,  whilst  the  acid  evolved  at  the  anode 
dissolves  an  equivalent  quantity  of  iron.  The  object  of  the  diaphragm 

1  D.  R.  Patent,  No.  79,237,  1893.        -  D.  R.  Patent,  No,  67,303. 
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is  to  prevent  the  intermixture  of  the  solutions  contained  in  the 
cathode  and  anode  departments.  The  ferrous  sulphate  formed  at  the 
anode  is  to  be  sent  into  market  as  green  vitriol.  Although  compact 
zinc  may  be  obtained  by  this  process  with  the  employment  of  a  com- 
paratively small  quantity  of  electrolytic  energy  it  must,  nevertheless, 
be  borne  in  mind  that  fresh  acid  has  to  be  constantly  used  for  the 
production  of  the  zinc  solution,  and  that  green  vitriol  is  low  in  price 
and  has  a  very  restricted  market.  On  the  other  hand,  by  leaching 
the  calcined  blende  by  means  of  water,  as  proposed  by  the  patentees, 
a  portion  only  of  the  zinc  contents  of  the  blende  is  brought  into 
solution.  Finally,  it  is  highly  possible  that  the  deposited  zinc  will 
contain  iron. 

The  conversion  of  zinc  into  chloride  from  its  ores  and  the 
electrolysis  of  the  solution  obtained  has  been  tried  experimentally 
at  Bleyberg,  in  Belgium.^  The  solution  of  zinc  was  produced  by 
treating  calamine  or  calcined  blende  with  hydrochloric  acid.  Any 
iron  that  passed  into  solution  was  precipitated  by  means  of  chloride 
of  lime.  The  anodes  consisted  of  graphite  or  carbon  ;  the  cathodes 
were  sheets  of  zinc.  The  chlorine  evolved  at  the  anode  does  not 
seem  to  have  been  employed  for  the  manufacture  of  bye-products  ; 
even  though  it  had  thus  been  utilised,  the  process  would  be  too  dear 
for  zinc  ores  proper,  as  the  chloride  of  zinc  would  have  to  be  produced 
by  treating  the  ores  with  hydrochloric  acid,  or  with  ferric  chloride,  or 
by  means  of  a  chloridising  roasting.  At  Bleyberg  a  kilo  of  zinc  is 
said  to  have  required  9  h.-p.  hours,  or  18  kilos  of  coal.  The 
process  has  not  come  into  use  for  zinc  ores. 

Hintzerling^  proposes  to  dissolve  oxide  of  zinc  out  of  calcined 
blende  or  calamine  or  metallurgical  products  containing  zinc 
oxide,  by  means  of  magnesic  chloride,  and  to  electrolyse  the 
solution  obtained.  The  zinc  is  said  to  be  deposited  by  means 
of  a  current  tension  of  19  amperes  per  square  foot  from  the 
solution  of  chloride  of  magnesium  containing  zinc  oxide ;  the 
solution  of  magnesium  chloride,  left  after  the  zinc  had  been 
thrown  down,  was  to  be  used  for  the  solution  of  fresh  quantities  of 
zinc  oxide.  The  baths  containing  zinc  Avere  to  have  been  treated  with 
from  seven  to  fourteen  times  their  quantity  of  magnesium  chloride 
solution,  of  from  1'26  to  1*29  specific  gravity,  at  the  boiling  point, 
best  under  a  pressure  of  2  to  3  atmospheres,  the  mass  being  kept  in 
motion  by  means  of  stirrers.  This  boiling  is  best  carried  out  in 
closed  vessels,  so  as  to  prevent  the  formation  of  magnesic  oxy-chloride. 
Any  of  this  substance  formed  in  the  solution  was  to  be  converted 

1  Berg,  und  Hiltt.  Zi<j.,  1SS3,  p.  367.  -  DimjL  Jouni.,  Vol.  288,  p.  263. 
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into  magnesic  chloride  by  the  addition  of  hydrochloric  acid.  Nothing 
is  known  as  to  the  application  of  this  process. 

For  extracting  zinc  from  pyrites  residues  and  from  zinciferous 
silver  ores  the  processes  to  be  described  below  for  converting  the 
zinc  into  chloride  and  the  electrolysis  of  the  solution  of  chloride, 
have  come  into  use.  Bias  and  Miest^  have  proposed  to  crush  ores 
containing  sulphide  of  zinc,  and  to  mould  them  into  plates  under  a 
high  pressure  of  about  100  atmospheres  with  the  employment  of  a 
temperature  up  to  600°C.,  and  to  use  these  plates  as  anodes  in  the 
electric  current.  For  the  electrolyte  a  solution  of  zinc  sulphate, 
chloride  or  nitrate  was  to  be  used.  This  process,  which  was  based 
upon  the  conductivity  of  metallic  sulphides  for  electricity,  has  not 
been  found  satisfactory ;  the  plates,  composed  of  non-homogeneous 
constituents,  must  fall  to  pieces  tolerably  rapidly  in  the  course  of 
the  electrolysis,  whilst  all  action  must  cease  as  soon  as  contact 
with  the  conductor  is  interrupted  by  the  sulphur  separated  out 
from  the  particles  of  ore  nearest  to  the  conductor. 

Extraction  of  Zinc  from  Solutions  of  Zinc  Sulphite 

Kosmann  and  Lange-  propose  to  treat  zinc  ores  (calamine  or 
calcined  zinc  blende)  with  sulphur  dioxide  and  water,  and  to  throw 
down  zinc  from  the  solution  of  zinc  sulphite  thus  obtained,  by 
means  of  the  electric  current.  The  oxygen  thereby  evolved  is  said 
to  be  absorbed  by  the  sulphur  dioxide  liberated  by  the  decom- 
position of  the  salt,  converting  it  into  sulphuric  acid.  This 
process  is  said  to  require  a  lower  current  tension  than  the  decom- 
position of  zinc  sulphate.  Experiments  on  a  large  scale  are  said  to 
have  given  0'4  pound  of  zinc  thrown  down  per  horse  power  per 
hour.  Kosmann  states  that  by  the  employment  of  Wolff's  loco- 
motive type  of  engine  with  condenser,  the  consumption  of  coal  per 
hour  per  horse  power  amounts  only  to  2*2  lbs.,  so  that  these  2"2  lbs. 
of  coals  are  capable  of  producing  0'4  lb.  of  zinc.  The  process  has 
not,  however,  come  into  use.  Zinc  sulphite  is  soluble  in  water  only 
as  an  acid  salt,  and,  when  exposed  to  the  air,  is  converted  with 
tolerable  rapidity  into  sulphate. 

The  Extraction  of  Zinc  from  Solutions  in  Organic  Acids 

This  method  has  not  come  into  use  for  ores  ;  under  this  head 

should  be  included  an  English  patent  of  Watt,  No.  6,294,  1887,  as 

also  the  proposal  to  use  acetic  or  lactic  acid  as  electrolytes. 

}  Essai  d'Apjilicalion  de  V J^lectrolyse,  Louvain  ami  Taris,  1882. 
2  D   R_  Patent,  No.  57,761. 
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The  Extraction  of  Zinc  from  A  IJMline  Solutions 

The  deposition  of  zinc  from  alkaline  solutions  has  not  come  into 
employment  at  all,  and  appears  to  offer  no  prospects.  Kiliani^ 
proposes  to  dissolve  zinc  from  ores  and  metallurgical  products  by 
means  of  a  solution  of  ammonia  or  fixed  alkali,  to  which  ammonic 
carbonate  has  been  added,  in  separate  vessels  outside  the  electric 
circuit,  and  to  electrolyse  the  solutions,  cathodes  of  sheet  zinc  or 
sheet  brass  and  anodes  of  sheet  iron  being  employed.  The  zinc 
is  said  to  be  deposited  at  the  cathode  in  the  compact  form,  whilst  a 
quantity  of  oxygen,  equivalent  to  the  metal  deposited,  is  said  to  be 
liberated  at  the  anodes.  The  solution  escaping  from  the  baths  is 
collected  in  tanks  and  then  pumped  back  into  the  dissolving  baths, 
where  it  dissolves  out  a  fresh  quantity  of  zinc.  There  are  no  data 
with  reference  to  the  current  density  and  tension.  It  is,  however, 
undoubted  that  with  equal  current  densities  the  electrolysis  of  such 
solutions  would  require  a  much  higher  tension  than  that  of 
sulphite,  sulphate  or  chloride;  the  alkahes  are,  moreover,  dearer  than 
acids.  It  may  therefore  be  assumed  that  this  process  will  not  come 
into  use. 

Hopfner  -  leaches  the  zinc  out  of  bodies  containing  zinc  oxide 
(poor  zinc  and  lead  ores)  by  means  of  an  alkaline  solution,  and 
conducts  this  solution  to  the  cathodes  of  a  bath  for  the  deposition 
of  the  zinc,  chlorine  or  chlorates  of  the  alkalies  or  alkaline  earths 
being  produced  at  the  cathodes  by  the  decomposition  of  alkaline 
chlorides.  The  ores  are  around  fine  and  then  brouofht  into  intimate 
contact  with  alkaline  solutions  in  a  dissolving  tank  provided  with  a 
stirrer.  Any  lead  oxide  that  may  be  present  is  dissolved  together 
with  the  oxide  of  zinc.  After  the  solution  has  been  freed  from 
foreign  metals  by  means  of  zinc  dust,  it  is  passed  in  a  continuous 
stream  into  the  cathode  division  of  the  electrolytic  bath,  which  is 
separated  from  the  anode  division  by  a  suitable  membrane,  or  pair  of 
membranes  with  a  solution  of  soda  or  potash  between  the  two.  The 
zinc  produced  at  the  cathode  separates  out  in  the  compact  state,  and 
does  so  the  better  the  more  thoroughly  the  solution  is  kept  in  motion. 
The  anode  division  must  contain  a  solution  of  chlorides  to  be 
constantly  kept  at  a  uniform  degree  of  concentration,  and  also  contain- 
ing alkaline  chlorides,  as,  for  example,  solutions  of  carnallite  or  of  the 
final  liquors  of  the  ammonio-soda  process.  By  means  of  the  electric 
current  chlorine  is  evolved  at  the  anode  whilst  the  alkalies  pass  into 

1  D.  R.  Patent,  No.  29,900,  March  11,  1884  ;  and  No.  32,864,  August  19,  1884. 
2  D.  R.  Patent,  No.  62,964. 
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the  cathode  division,  and  unite  with  the  alkali  already  present  there. 
In  consequence  of  the  diffusion  of  alkalies  or  alkaline  carbonates 
from  the  cathode  space,  oxychlorides  are  formed  at  the  anode.  The 
chlorine  can  be  collected  and  used  as  such,  or  for  the  manufacture  of 
bye-products.  The  evolution  of  free  chlorine  at  the  anodes  can  be 
prevented  by  adding  alkaline  earths  to  the  solution  in  the  anode 
compartment,  and  thus  forming  chlorates.  The  solution  of  chlorates 
can  be  worked  up  for  the  manufacture  of  potassic  chlorate.  Nothing 
is  known  as  to  the  applicability  of  Hopfner's  process  to  zinc  ores 
proper.  In  a  modified  form  it  has  been  used  for  the  extraction  of 
zinc  from  pyrites  residues. 

W.  S.  Squire  and  S.  C.  Currie  ^  have  attempted  to  extract  zinc 
from  an  alkaline  solution  of  the  oxide  with  the  employment  of 
mercury  as  a  cathode.  The  deposited  zinc  forms  an  amalgam  with 
the  mercury  and  is  submitted  to  distillation,  whereby  zinc  is  obtained, 
and  the  mercury  recovered. 

Burghardt-  attempts  to  extract  zinc  from  a  solution  of  sodic 
ziucate,  which  is  to  be  produced  by  fusing  zinc  ores  freed  from 
sulphur,  such  as  dead  roasted  zinc  blende,  with  soda  and  8  to  4 
per  cent,  of  carbon,  and  leaching  out  the  molten  mass.  The  ore  is  to 
be  packed  around  the  anode  by  means  of  an  asbestos  cloth.  Its  zinc 
contents  are  to  be  oxidised  there  and  thus  brought  into  solution. 
Neither  of  these  processes  have  found  an}-  application. 

(h)  The  E.draction  of  Zinc  from  Ores  in  icliich  it  is  a  Siibsidiary 

Gonstihient 

Among  the  ores  which  contain  zinc  as  a  subsidiary  constituent, 
only  zinciferous  pyrites  residues  have  up  to  the  present  been  sub- 
mitted to  electrolytic  extraction  of  the  zinc.  It  is  probable  that  in 
the  immediate  future  the  extraction  of  zinc  from  argentiferous  zinc 
ores  or  zinc-lead  ores  will  be  attempted. 

Pyrites  residues  are  the  residues  obtained  in  calcining  pyrites  con- 
taining zinc  blende,  the  sulphur  of  which  has  been  converted  into 
sulphur  dioxide  and  used  for  the  production  of  sulphuric  acid.  They 
consist  of  ferric  oxide,  and  variable  quantities  of  zinc  sulphide,  oxide 
and  sulphate.  They  can  onl}-  be  used  as  iron  ores  when  the  zinc  has 
been  removed  from  them  ;  as  long  as  they  contain  zinc  they  are 
worthless.  In  order,  therefore,  to  make  these  residues  valuable  as 
iron  ores  on  the  one  hand,  and  for  the  extraction  of  their  zinc   con- 

1  Eiiglisli  Patent,  Xo.  1-J,249,  September  27,  1SS6. 
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tents  on  the  other  hand,  electrolytic  processes  have  been  proposed, 
and  have  recently  come  into  nse  for  the  residues  of  pyrites  fi'om 
Meggen,  which  contain  from  5  to  15  per  cent,  of  zinc.  Leaching 
these  residues  by  sulphuric  acid  was  found  not  to  be  profitable,  as  it 
was  not  possible  to  remove  the  whole  of  the  zinc,  and  as  the  zinc 
vitriol  produced  found  no  market.  The  zinc  was  therefore  converted 
into  chloride  either  by  a  chloridising  roasting  of  the  residues  (see 
page  198)  or  by  treating  them  with  solutions  containing  certain 
chlorides.  The  chloride  of  zinc  was  then  dissolved  and  zinc  extracted 
from  the  solution.  Several  works  have  been  built  and  have  started 
operations,  viz.,  near  Duisburg,  at  Fiihrfutt  on  the  Lahn,  at  Weidenau 
in  Siegen,  and  at  Romberg  on  the  Rhine.  The  Duisburg  Works  are  said 
to  use  a  method  devised  by  Kittler,  and  the  Fiihrfurt,  Weidenau  and 
Homberg  w^orks  a  process  of  Hopfner,  both  of  which  are  kept  secret. 
At  Duisburg,  Hermann's  electrolyte,  namely  zinc  sulphate  together 
with  alkaline  sulphates,  is  said  to  be  employed.  At  the  other  works 
chloride  of  zinc  is  said  to  be  produced  by  a  chloridising  roasting  of 
the  zinciferous  residues,  and  the  solutions  containing  chloride  of  zinc 
to  be  purified  and  then  electrolysed.  The  chlorine  at  the  anode  is 
removed  by  means  of  an  air  current,  and  passes  into  chambers  in 
which  it  is  used  for  the  production  of  chloride  of  lime.  The  author 
knows  nothing  about  the  details  of  the  construction  or  of  the  com- 
mercial results  obtained.  A  difficulty  in  the  employment  as  iron 
ores  of  the  pyrites  residues  freed  from  zinc,  is  occasioned  by  their  fine 
state  of  division. 

The  extraction  of  zinc  from  argentiferous  lead  ores  containing 
considerable  quantities  of  zinc,  such  as  occur  for  instance  at  Broken 
Hill  in  New  South  Wales,  has  not  yet  been  perfected,  but  is,  how- 
ever, now  being  worked  at.  With  cheap  motive  power,  extraction  of 
zinc  from  such  ores  electrically  may  probably  be  employed  with  ad- 
vantage, seeing  that  the  removal  of  zinc  from  these  ores  by  means  of 
dressing  is  not  possible  without  great  losses  of  .lead  and  silver.  For 
a  portion  of  the  Broken  Hill  ores,  consisting  of  intimate  mixtures  of 
argentiferous  galena  and  argentiferous  zinc  blende,  a  plant  for  the 
Ashcroft  process  is  at  present  being  erected  at  Newcastle  in  New 
South  Wales.  The  author  had  an  opportunity  of  examining  the  ex- 
perimental plant  for  this  process  at  Grays,  in  Essex,  England.  The 
process  consists  in  converting  the  oxide  of  zinc  in  the  calcined  ores 
into  chloride  of  zinc  by  means  of  ferric  chloride,  whereby  the  iron  is 
separated  as  ferric  hydrate  and  mixed  with  the  ore.  The  ores  thus 
freed  from  the  greater  portion  of  their  zinc  contents  are  smelted  for 
argentiferous  lead  and  the  zinc  is  precipitated  by  the  electric  current 
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from  the  solution  of  cliloride  of  zinc,  the  solvent  being  at  the  same 
time  regenerated.  Sheet  zinc  is  used  for  the  cathodes,  plates  of  cast- 
iron  and  afterwards  plates  of  ■  carbon  being  used  as  anodes.  The 
chlorine  evolved  during  the  electrolysis  combines  with  the  cast-iron 
anodes  to  form  ferrous  chloride  solution,  whilst  where  carbon  anodes 
are  used  it  converts  ferrous  chloride  into  ferric  chloride.  Both  by  the 
formation  of  ferrous  chlorides,  as  also  by  the  conversion  of  the  latter 
into  ferric  chloride,  electric  energy  is  introduced  into  the  circuit.  To 
prevent  the  deposition  of  iron  at  the  cathodes  the  solutions  of  ferrous 
and  ferric  chloride  are  separated  from  the  zinc  chloride  by  diaphragms 
of  cotton,  the  zinc  chloride  solution  forming  a  higher  column  than 
the  solution  of  the  iron  salts.  From  the  solution  of  zinc  chloride  to 
be  electrolysed  first  the  iron  is  precipitated,  and  then  the  other  metals 
which  are  electro-negative  to  zinc,  and  the  solution  is  conducted  first 
into  the  cathode  department  and  then  into  the  anode  department  of 
the  bath,  passing  first  to  the  iron  and  then  to  the  carbon  anodes. 
The  baths  provided  with  iron  anodes  form  two-thirds,  those  with 
carbon  anodes  one-third  of  the  total  number.  The  solution  escaping 
from  the  last  carbon  anode  bath  still  contains  a  certain  quantity  of  zinc, 
and  is  used  for  the  solution  of  fresh  quantities  of  zinc  oxide  from 
the  calcined  ores.  The  baths  are  ai'ranged  in  circuit,  the  electrodes 
in  the  different  baths  being  coupled  in  parallel.  The  current  density 
amounts  to  5  amperes  per  square  foot,  the  tension  in  the  baths  with  iron 
anodes  to  1"1  volts,  in  those  with  carbon  anodes  to  2"7  volts.  The  quan- 
tity of  zinc  deposited  per  ampere  hour  is  equal  to  at  least  the  theo- 
retical amount  (18"67  grains) ;  the  consumption  of  power  to  precipitate 
one  kilo  of  zinc  amounts  to  2h  horse-power  hours,  or  if  steam  is  used, 
to  3  kilos  of  coals.  The  zinc  is  obtained  in  compact  form  and  is  easily 
stripped  off  from  the  cathode  sheets.  It  contains  an  excessively  small 
amount  of  iron  and  therefore  simply  needs  re-melting.  Of  the  zinc 
contents  of  the  ore,  6Q  per  cent,  are  removed  by  the  solution  of  ferric 
chloride,  which  contains  0'8  to  1  ounce  of  iron  in  the  gallon.  For 
100  parts  by  Aveight  of  zinc  GGJ  parts  by  weight  of  iron  are  consumed, 
theory  requiring  only  57.  The  ferric  chloride  which  is  lost  in  the 
course  of  the  process  is  replaced  by  the  combination  of  the  chlorine 
with  iron  during  electrolysis  of  zinc  chloride.  Zinc  chloride  is  ob- 
tained by  decomposing  zinc  sulphate  with  common  salt,  the  zinc  sul- 
phate being  produced  by  a  slow  oxidising  roasting  of  ores  containing 
zinc  blende.  Tlie  advantages  of  the  Ashcroft  process  are  the  following  : — 

1.  The  calcined   ore  is  freed  from  the  greater  part  of  its  zinc 
contents. 

2.  The  ferric  hydrate,  formed  on  treating  the  calcined  ore  with 
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a  solution  of  ferric  chloride,  forms  a  suitable  flux  for  smelting  the 
ores,  serving  to  slag  off  the  silica  and  the  residual  zinc,  as  also  for 
the  decomposition  of  the  sulphide  of  lead,  after  the  oxide  of  iron  has 
been  reduced  to  iron. 

3.  The  solvent  for  zinc  is  regenerated  in  the  course  of  the 
electrolysis. 

4.  By  the  formation  of  ferrous  chloride  and  by  the  conversion  of 
this  salt  into  ferric  chloride  in  the  course  of  the  electrolysis,  a  notable 
quantity  of  electrical  energy  is  introduced  into  the  circuit. 

2.  The  Electrolytic  Extraction  of  Zinc  from  Alloys 

When  zinc  alloys  are  submitted  to  electrolysis,  these  form  the 
anodes  of  the  circuit,  so  that  the  back  electromotive  force  is  to  a 
great  extent  counteracted.  Both  impure  zinc,  as  also  alloys  of  zinc 
with  lead  and  silver,  have  been  treated  electrolytically.  The  electro- 
lysis of  zinc  containing  lead  is  carried  out  at  the  works  of  Aaron 
Hirsch  at  Ilsenberg  in  the  Harz,  water  furnishing  the  motive  power. 

Zinc  acetate  is  said  to  be  used  as  the  electrolyte.  A  pure  zinc, 
free  from  lead,  is  obtained  from  impure  zinc,  and  it  fetches  so  high  a 
price  that  the  works  are  paying  well.  The  process  is  kept  secret. 
Rosing  ^  has  proposed  a  process  for  the  electrolytic  extraction  of  zinc 
from  so-called  zinc  scum,  an  alloy  of  lead,  silver  and  zinc,  obtained  in 
desilverisation.  This  method  was  tried  experimentally  for  a  while  at 
the  Frederick  Works,  in  Upper  Silesia,  but  has  had  to  be  given  up 
because  the  distillation  of  zinc  from  the  zinc  scum  was  found  to 
be  cheaper  than  its  electrolysis.  The  zinc  is  present  in  relatively 
small  amount,  and  irregularly  distributed  in  the  scum.  The  latter  is 
also  so  brittle  that  it  cannot  be  moulded  into  plates.  Rosing  there- 
fore employs  the  zinc  scum  in  the  form  of  powder,  and  arranges  his 
electrodes  horizontally.  Round  wooden  vats  were  used  as  baths.  The 
electrolyte  was  zinc  sulphate ;  the  anode  consisted  of  a  plate  of  lead 
lying  on  the  bottom  of  the  vat  and  covered  with  powdered  zinc  scum. 
Above  the  latter  was  the  cathode,  consisting  of  sheet  zinc  and  sup- 
ported upon  insulators.  Several  vats  were  arranged,  one  above  the 
other,  so  that  the  electrolyte  could  traverse  them  from  above  down- 
wards. As  soon  as  the  zinc  had  been  dissolved  from  the  grains  of 
the  zinc  scum  to  a  certain  depth,  and  the  contact  of  the  electrolyte 
with  the  zinc  still  contained  in  the  zinc  scum  Avas  thus  gradually 
diminished,  or  almost  prevented,  the  scum  was  removed  from   the 

1  D.  R.  Patent,  No.  33,589  ;  Prern^.  Zt.schr.,  1886,  p.  91  ;  Binyl.  Journ.,  1887,  p.  93. 
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baths  and  submitted  to  liquation  to  free  the  grains  from  the  crust, 
which  consisted  of  a  mixture  of  lead  and  silver,  and  thus  to  obtain  a 
fresh  zinc  surface  for  the  action  of  the  electrolyte.  The  liquated 
zinc  scum  was  again  submitted  to  electrolysis,  and  then  again 
liquated.  Liquation  and  electrolysis  thus  alternated  until  the  gi^eater 
portion  of  the  zinc  was  removed  from  the  scum.  The  residual  ar- 
gentiferous lead  was  cupelled.  The  zinc,  which  carried  both  lead 
and  silver,  was  used  for  desilverising  work-lead.  As  stated,  this 
process  has  not  come  into  use.  At  present,  attempts  are  again 
being  made  at  the  Frederick  works  to  electrolyse  alloys  of  zinc, 
silver  and  lead,  which  are  free  from  oxide. 

At  Hoboken,  near  Antwerp,  until  recently  alloys  of  zinc  and 
silver,  which  were  obtained  by  desilverising  Avork-lead  by  means  of 
zinc  containing  aluminium,^  were  submitted  to  electrolysis.  The 
anodes  consisted  of  plates  of  the  above  alloy ;  the  cathodes  were 
sheets  of  zinc  in  the  form  of  discs  of  3  feet  3  inches  in 
diameter,  which  were  fastened  to  a  horizontal  spindle.  This  was 
situated  above  the  surface  of  the  bath,  and  was  revolved  so  that  half 
of  the  cathode  was  inside  the  solution,  the  other  half  outside  it.  By 
turning  the  cathodes  the  solution  was  kept  in  movement.  The 
electrolyte  consisted  of  a  solution  of  chloride  of  zinc  in  chloride  of 
magnesium  of  a  specific  gravity  of  2"2  to  1'27.  After  the  removal  of 
the  zinc  from  the  anodes,  these  produce  a  mud  consisting  of  75  per 
cent,  of  silver  and  12  per  cent,  of  lead.  Experience  up  to  the  present 
has  not  shown  any  advantage  in  electrolysis  as  compared  to  other 
methods  of  separating  zinc  from  silver  and  lead.  At  Lautenthal, 
the  aluminium  process  has  been  given  up,  and  distillation  is 
to  be  introduced.  At  Hoboken,  also,  the  old  process  (desilver- 
ising; with  the  addition  of  zinc  and  distilliuo-  off  the  zinc  from  the 
alloy)  is  now  being  used.  The  zinc  so  obtained  is  again  used  for 
desilverising  work-lead.  The  apparatus  of  Bridgman  ^  also  depends 
upon  the  principle  of  keeping  the  solution  in  movement  by  means  of 
rotating  cathodes;  its  construction  is  shown  in  Figs.  159  to  162,-^ 
in  which  A  is  the  tank  containing  the  electrolyte.  Within  it  rotates 
the  shaft,  jO',  protected  by  an  insulator,  r,  and  to  which  the  cathodes,  .£', 
are  secured  by  means  of  screws  and  wedges,  these  screws  forming  at 
the  same  time  the  connection  between  the  cathodes  and  the  con- 
ductors. JJ  are  the  anodes,  which  are  cut  out  as  shown  at  v,  so  as 
not  to  interfere  with  the  movement  of  the  shaft.  The  detail  of  the 
•construction  of  the   cathodes   is   shown    in    Fig.    1G2.     The   sheet 

1   Vol  i.,  ]).  m±  '  U.S.A.  Patent,  No.  r)-2U,4S-_',  September  2."),  1894. 
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metal  forming  the  cathodes,  which  is  coated  with  graj)hite,  is  secured 
in  the  frame,  ])' ,  made  of  non-conducting  material.  It  can  be  re- 
moved from  these  frames  as  soon  as  the  deposit  has  attained  the 
desired  density ;  5^  is  an  opening  provided  with  a  locknut,  §', 
through  which  the  shaft  passes. 
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Fig.  162. 


Projects  for  the  Electrolytic  Extraction  of  Zinc 
IN  THE  Dry  Way 


Up  to  the  present,  it  has  not  been  found  possible  to  extract  zinc 
electrolytically  in  the  dry  way.  Proposals  based  upon  laboratory 
experiments  for  the  extraction  of  the  metal  on  a  large  scale  in  this 
manner  depend  upon  the  electrolysis  of  molten  zinc  chloride,  or  of 
molten  mixtures  of  zinc  chloride  with  other  chlorides,  principally 
those  of  lead  and  silver.  Borchers  ^  proposed  to  electrolyse  fused 
chloride  of  zinc  between  anodes  of  carbon  and  cathodes  of  sheet  zinc 
with  current  densities  of  100  to  200  amperes  per  square  foot  of  cathode 
area,  and  tensions  of  3  to  4  volts.  He  points  out  that  the  advantages 
of  this  process,  which  would  produce  zinc  at  the  cathode  and  chlorine 
at  the  anode,  the  latter  to  be  utilised  in  any  desired  manner,  would 
be  that  with  an  equal  consumption  of  power  an  apparatus  for 
electrolysis  would  be  five  to  ten  times  smaller  than  those  required  for  the 

1    Ehltro-Mdxllirnjif',  18C6,  p.  296. 
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electrolysis  of  aqueous  solutions  of  zinc  salts  when  insoluble  anodes 
are  employed,  and  that  chlorine  would  be  produced  without  the 
employment  of  diaphragms.  With  the  above  current  densities,  the 
tension,  even  when  the  current  density  at  the  anode  is  considerably 
greater  than  that  of  the  cathode,  is  said  not  to  exceed  3  to  4  volts. 
When  aqueous  solutions  of  zinc  salts  and  insoluble  anodes  are 
employed,  this  tension  is  said  to  be  exceeded  even  when  the  current 


Fic.  163. 


density  amounts  only  to  50  amperes  per  square  foot.  Borchers  ^  has 
proposed  an  apparatus  shown  in  Figs.  163  and  164  for  the  electrolysis 
of  fused  zinc  chloride  upon  a  large  scale,  Fig.  163  being  a  vertical 
section  through  the  apparatus,  whilst  Fig.  164  shows  a  portion  of  the 
cover  in  plan ;  ^r  is  a  lead  vessel  having  the  shape  of  an  inverted 
truncated  cone,  whicli  has  at  its  upper  part  a  groove,?/,  into  which  the 
cover,  ;•■,  fits.     A  channel,  iv,  in  which  water  for  cooling  the  apparatus 

'   Op.  rit.,  |).  2!).'). 
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circulates,  surrounds  the  upper  portion  of  the  vessel.  The  leaden  pan 
is  set  in  an  iron  pan,  v,  filled  with  sand,  which  is  heated  by  means  of  a 
grate.  The  electrolyte  is  contained  in  the  leaden  pan.  The  anodes 
are  formed  by  rods  of  carbon,  t,  inserted  through  the  cover  of  the  pan 
and  connected  with  each  other  by  means  of  the  annular  clamp,  h,  this 
clamp  being  connected  with  the  cable  w.  The  individual  carbon  rods 
are  surrounded  by  insulators,  m,  where  they  traverse  the  cover.  The 
cathodes  are  formed  by  pieces  of  sheet  zinc  attached  to  the  walls  of  the 
leaden  pan  and  connected  with  the  cable  q.  An  opening  in  the 
middle  of  the  cover,  provided  with  a  tubulure,  d,  serves  to  conduct 
away  the  chlorine  evolved  during  electrolysis,  a  second  ojaening,  /, 
which  can  be  closed  when  desired,  serving  for  the  introduction  of  the 
zinc  chloride  during  the  operation.  The  operation  is  to  be  conducted 
as  follows  : — Chloride  of  zinc  is  to  be  melted  in  the  leaden  pan  until 
the  molten  mass  fills  the  groove  y. 
The  cathode,  n,  is  then  intro- 
duced, the  cover  is  put  on,  and 
cold  water  is  allowed  to  flow 
through  the  channel  w.  The 
cover  is  kept  suspended  until  a 
crust  of  salt,  ;p,  has  formed  in  the 
groove  and  around  the  upper 
portion  of  the  pan,  when  it  is 
allowed  to  settle  down ;  the  cur- 
rent is  then  passed  through,  and 

on  account  of  its  great  strength,  such  a  quantity  of  heat  is  evolved 
that  but  little  firing  is   required.     The   zinc  deposits  on  as  much  of 
the  cathode  as  is  not  protected  by  the  crust  of  zinc  chloride,  the 
chlorine  escaping  through  the  tubulure  cl.     Fresh  chloride  of  zinc  is 
added  from  time  to  time  through  the  opening  /  in  order  to  keep  the 
pan  constantly  filled  with  the  molten  salt.  When  a  suflficient  quantity 
of  zinc  has  been  deposited  at  the  cathode,  the  water  current  is  cut  off, 
so  that  the  crust  of  salt  in  the  groove,  y,  melts,  when  the  cover  can  be 
removed,  the  cathode  with  the  deposit  of  zinc  taken  out,  and  replaced 
by  a  fresh  one.  This  apparatus  of  Borchers  has  not  yet  been  employed 
practically.      Lorenz  ^  proposes  to   submit  molten    mixtures    of  the 
chlorides   of   zinc,  lead  and    silver   to    electrolysis,  when    lead  and 
silver  are  said  to  separate   out  first,  and  afterwards  pure  zinc  to  be 
deposited.     This  proposal  too  has  found  no  practical  application  up 
to  the  present. 


Fig.  104. 


1  Zeitsrh.f.  Elertro-Chtm.,  189.5-96,  No.  1.5,  p.  318. 
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Treatment  of  Ores  containing  Zinc  for  the  Froclnction  of  Merchcmtahle 

Zinc  Compounds 

In  many  cases  ores  of  zinc  are  treated  in  order  to  produce  market- 
able compounds  of  zinc,  such  as  zinc  oxide,  mixtures  of  zinc  oxide, 
lead  oxide  and  lead  sulphate,  or  zinc  vitriol.  Such  compounds  of 
zinc  are  as  a  rule  only  then  produced,  when  the  zinc-bearing  ores  are 
not  suitable  for  the  extraction  of  metallic  zinc,  either  because  they 
contain  other  valuable  metals,  such  as  iron,  lead  or  silver,  or  because 
they  are  too  poor  in  zinc.  Such  ores  are  more  particularly  zinciferous 
iron  ores  and  zinciferous  lead  or  silver-lead  ores.  The  extraction  of 
zinc  white  is  carried  on  in  the  eastern  United  States  of  North  America, 
especially  in  New  Jersey  and  Pennsylvania,  the  production  of  a 
mixture  of  zinc  oxide,  lead  oxide  and  lead  sulphate,  in  the  States  of 
Missouri  and  Colorado,  and  the  production  of  zinc  vitriol  at  the 
Julius  and  Sophia  works  in  the  Lower  Harz. 

Production  of  Zinc  White 

Zinc  white  is -produced  at  the  works  of  the  Lehigh  Zinc  and  Iron 
Company,  at  Bethlehem,  Pennsylvania,  at  the  works  of  the  New 
Jersey  Zinc  and  Iron  Company  at  Newark,  New  Jersey,  at  the  works 
of  the  Passaic  Zinc  Company  near  Jersey  City,  and  at  the  works  of  the 
Bergen  Port  Zinc  Company  at  Bergen  Port,  New  Jersey.  The  ore 
employed  for  the  production  of  zinc  white  consists  chiefly  of  a 
mixture  of  frank) inite  and  willemite,  with  variable  quantities  of 
calamine  and  calcite.  Zincite,  rhodonite  and  tephroite  also  occur 
irregularly  distributed  in  the  mass.  According  to  Dlirre  ^  the  franklinite 
contains  9*20  per  cent,  of  manganese,  and  willemite  2  to  7  per  cent., 
the  more  rarely  occurring  rhodonite  42  per  cent.,  and  the  also  scarce 
tephroite  54  per  cent.  The  average  analyses  of  considerable  quantities 
of  these  ore  mixtures  are  as  follows,  according  to  Dilrre : — - 
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1  Zeitschr.  d.  Ver.  Deutsch.  In<j.,  1894,  p.  185. 
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The  earlier  experiments  for  extracting  metallic  zinc  from  these  ores 
failed  on  account  of  their  high  percentage  of  iron  and  manganese,  by 
which  the  retorts  were  destroyed.  'On  the  other  hand,  the  treatment 
of  the  raw  ores  for  iron  was  rendered  difficult  by  the  amount  of  zinc 
present.  An  American,  Samuel  Wetherill,  was  the  first  to  succeed 
in  treating  these  ores  by  employing  them  for  the  production  of  zinc 
white  by  means  of  special  furnaces  designed  by  himself.  The  residues, 
rich  in  iron  and  manganese,  which  were  thus  obtained,  and  which 
only  retain  a  small  quantity  of  zinc,  proved  to  be  a  suitable  material 
for  the  production  of  spiegeleisen,  which  is  at  present  extracted  from 
them.  Wetherill  reduces  the  zinc  oxide  of  the  ores  in  furnaces, 
lying  upon  a  grate  designed  by  himself,  or  upon  a  bed  of  anthracite 
resting  upon  the  latter,  zinc  being  thus  produced  which  is  burnt  to 
zinc    oxide   immediately  upon  its  production,  by  the   air  and   the 


Fig.  165. 


Fig.  166. 


carbon  dioxide  contained  in  the  products  of  combustion.  The 
process  is  only  successful  when  pure  oxidised  ores  are  employed,  such 
as  exist  in  the  above-named  ore  mixtures,  when  the  fuel  used  is  a 
pure  coal  burning  without  the  formation  of  smoke  or  soot,  such  as  is 
found  in  Pennsylvanian  anthracite,  and  when  the  Wetherill  grate  with 
blast  in  the  ashpit  is  made  use  of.  The  zinc  oxide  intermixed  with  the 
products  of  combustion  is  cooled  down  and  collected  in  bags  after  the 
zinc  has  been  completely  burnt,  and  particles  of  coal  and  ashes  have 
been  separated  from  it,  whilst  the  permanent  gases  evolved  escape 
through  the  pores  of  the  bags.  As  regards  the  construction  of  the 
furnace,  and  of  the  cooling  and  condensing  arrangements,  the  furnace 
is  similarly  constructed  in  all  the  above-mentioned  works,  whilst  the 
cooling  and  condensing  plants  only  differ  in  unessential  details. 

The  Wetherill  furnace,  represented  in  Figs.  165  and  166,  consists  of 
an  arched  chamber  provided  with  doors  at  either  end.  Inside  it  there  is 
a  grate,  a,  consisting  of  a  plate  of  cast-iron  1*4  inches  thick,  pierced 
with  conical  holes  (100  holes  to  the  square  foot),  the  upper  smaller 
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end  being  0  4  inch  in  diameter,  whilst  the  lower  larger  diameter 
amounts  to  1  inch ;  the  grate  is  supported  upon  cast-iron  bearers. 
Owing  to  the  conical  shape  of  the  holes  they  are  prevented  from  becom- 
ing stopped  up.  Underneath  the  grate  there  is  a  closed  ashpit,  h,  into 
which  air  is  introduced  by  means  of  lateral  flues,  c.  The  air  is  forced 
by  means  of  a  fan  into  a  flue  running  underneath 
the  ashpits  of  a  whole  series  of  furnaces,  as  shown 
in  Figs.  ]67  and  168,  in  which  C  shows  the  flue 
running  underneath  the  furnace  a.  From  this  main 
ilue  small  flues  ascend  in  the  brickwork  between 
the  individual  furnaces,  and  these  are  connected  at 
their  upper  ends  by  means  of  small  horizontal  flues 
with  the  ashpit.  These  horizontal  flues,  c  (in  Figs. 
165  and  166),  can  be  closed  by  means  of  dampers, 
so  as  to  enable  the  blast  to  be  cut  off  from  any 
particular  furnace,  if  the  charge  in  it  has  been 
worked  off,  or  for  repairs.  In  the  arch  above 
the  furnace  there  are  flues  through  which  the  gases,  vapours  and 
flue  dust  escape.  With  smaller  furnaces  there  is  only  one  flue,  g  (in 
Figs  165  and  166)  to  each  furnace.  Larger  furnaces  (Fig,  167)  have 
two  flues.  The  gases  and  vapours  pass  through  these  flues  either 
directly  into  a  main  flue,  h  (Figs.  165  and  166),  or  as  at  the  Lehigh 


Fig.  167. 
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Zinc  Works  (Figs.  167  and  168),  first  into  vertical  iron  pipe.s,  B,  and 
then  into  a  main  flue,  D.  The  individual  furnaces  are  united  to  form 
blocks,  which  contain  up  to  84  furnaces  (see  Fig.  168).  The  furnaces 
are  either  single  or  double,  according  as  each  furnace  extends  throuo-h 
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the  whole  width  of  the  block  or  not.  The  width  of  the  furnaces  at 
the  grate  is  3  feet;  the  length  of  the  single  furnaces  amounts  to 
5  feet  5  inches,  that  of  the  double  furnace  to  15  feet.  The  height 
of  the  crown  of  the  arch  above  the  hearth  is  8  feet.  The  area  of 
the  flue  in  the  arch  is  about  1  square  foot.  The  doors  at  the 
short  ends  of  the  furnaces  are  set  in  arches  12  inches  high  and 
32  inches  wide.  The  gases  pass  through  the  collecting  flues  into  two 
towers  one  after  the  other,  in  which,  on  the  one  hand,  any  unburnt 
zinc  vapour  is  completely  burnt  to  zinc  oxide,  whilst,  on  the  other 
hand,  any  particles  of  ash  or  fuel  carried  off  with  them,  are  deposited. 
The  towers  used  at  the  Lehigh  Works  are  shown  in  Fig.  168.^  The 
current  of  gases  and  dust  passes  through  the  tube  D  into  the  tower 
E,  being  drawn  in  by  means  of  a  fan,  erected  behind  the  second  tower. 


Fig.  100. 


Fig.  ITO. 


It  then  escapes  from  the  bottom  of  the  first  tower  into  the  tower  F, 
69  feet  high  and  79  feet  in  maximum  circumference,  which  it  also 
traverses  from  below  upwards.  Many  of  the  towers  are  said  to  also 
contain  partition  walls.  From  these  towers  the  gas  current  passes 
into  cooling  chambers.  A  fan  is  arranged  between  the  last  tower  and 
the  cooling  chamber,  by  means  of  which  the  current  is  driven  into 
the  latter.  In  Fig.  168,  G  is  the  outlet  from  the  last  tower,  ^is  the 
fan,  and  J  the  cooling  chamber.  At  many  works  the  current  is 
divided  between  two  cooling  chambers,  which  it  traverses  lengthways. 
In  these  chambers  the  current  of  gas  and  dust  is  cooled  down  to  such 
an  extent  that  the  zinc  oxide  and  gas  can  be  separated  from  one 
another  in  bags  of  cotton  or  twill  without  injury  to  the  latter.  The 
construction  of  the  cooling  chambers  used  at  the  Lehigh  Zinc  Works 
is  shown  in  Figs.  169  and  170.-  They  are  98  feet  6  inches  long, 
20  feet  wide,  and  42  feet  6  inches  high  up  to  the  base  to  the  roof, 
their  walls  consisting  of  polished  woodwork,  whilst  the  roof  is  made 


Diirve,  loc.  cit.         "  Strecker,  Jahrh.  d.  K.  K.  Montanhhmnstalten,  27,  1879. 
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of  corrugated  iron,  and  the  floor,  which  is  formed  of  sheets  of  iron, 
^  and  q,  sloping  towards  each  other,  rests  upon  supporting  walls  s.  In 
order  to  remove  the  oxide  of  zinc  deposited  in  these  cooling  chambers, 
there  are  shoots,  r,  in  the  bottom,  provided  with  sliding  doors ;  x  is  a 
drying  floor  made  of  sheet  iron  upon  which  the  zinc  oxide,  collected 
in  the  cooling  chambers,  is  dried.  From  the  coolinsf  chambers  the 
gas  current  enters  the  chambers  in  which  the  zinc  oxide  is  caught,  the 
so-called  bag  chambers.  In  these  the  current  is  distributed  through 
a  system  of  horizontal  pipes  running  near  the  roof.  At  distances  ot 
3  feet  apart  vertical  branches  descend  which  have  also  prolongations 
upwards.  To  these  there  are  attached  bags  or  hose  30  to  36  feet 
long  and  about  2  feet  in  diameter,  made  of  strong  cotton  which  hang 
down  vertically.  They  are  either  open  below,  or  else  several  such 
sacks  are  connected  together  at  the  bottom  in  the  form  of  a  U.  The 
zinc  oxide  collects  inside  these  bags,  whilst  the  permanent  gases 
escape  through  the  meshes  of  the  cloth  and  thus  into  the  open  air. 
The  arrangement  of  these  bag  chambers  at  the  Lehigh  Works 
is  shown  in  Figs.  171  and  172.^  ^is  the  tube  which  conveys  the 
cuiTent  of  gas  from  the  cooling  chamber,  J,  into  the  bag  chamber.  It 
opens  into  the  main  pipe,  L,  6  feet  wide,  from  which  the  lateral 
branches,  M,  open  out.  N  are  the  bags  attached  to  these  branches. 
The  topmost  portion  of  the  bags  has  also  been  made  of  wire  netting 
for  a  length  of  some  6  feet,  in  order  to  avoid  any  injury  to  the  upper 
portion  of  the  bag  by  the  gases,  which  are  still  hot.  The  open 
bottom  ends  of  the  bags  rest  either  upon  the  floor  or  open  into  casks, 
in  which  the  zinc  white  is  collected  by  beating  the  bags.  There  are 
altogether  708  of  these  bags  at  the  Lehigh  Works. 

The  ore  and  anthracite  are  employed  crushed  to  pea  size.  The 
grate  is  first  covered  with  a  bed  of  anthracite,  varying  in  weight 
between  165  and  200  pounds,  according  to  the  area  of  the  grate. 
The  blast  is  then  turned  on,  and  as  soon  as  the  layer  of  coal  is 
thoroughly  ignited,  a  mixture  of  ore  and  anthracite  is  piled  upon  it. 
A  single  furnace  is  charged  with  250  to  300  lbs.  of  ore  and  a  double 
furnace  with  480  to  520  lbs.,  anthracite  to  the  amount  of  40  per 
cent,  of  the  weight  of  the  ore  being  mixed  with  it.  When  the  fur- 
naces are  being  regularly  worked  they  remain  sufficiently  hot  after 
the  residues  from  the  treatment  of  a  charge  have  been  removed,  to 
ignite  the  next  charge.  The  air,  entering  through  the  holes  in  t  e 
grate,  burns  the  anthracite,  producing  carbon  dioxide.  This,  on  its 
ascent  through  the  layer  of  anthracite,  is  partly  reduced  to  carbon 
monoxide  by  means  of  which  gas,  as  also  of  the  carbon  of  the  inter- 
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mixed  ooal,  the  oxide  of  zinc  is  reduced  to  metal.  The  vapours  of 
the  latter  are  converted  into  zinc  oxide  by  the  action  of  the  oxygen 
in  the  excess  of  air,  as  also,  after  partial  cooling,  by  the  carbon  dioxide 
contained  in  the  current  of  gas,  and  this  zinc  oxide  is  carried  off  by  the 
gaseous  current,  passes  with  the  latter  through  the  above-described 
apparatus,  and  is  finally  caught  in  the  bags  already  described.     The 
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Figs.  171  and  172. 


time  occupied  in  working  a--  charge  depends  upon  the  size  of  the 
furnace.  At  Bethlehem,  with  a  single  furnace  treating  800  lbs.  of 
ore  per  charge,  it  occupies  4  hours ;  at  the  Passaic  Works,  with  a 
charge  of  250  lbs.,  6  hours.  One  workman  per  shift  is  requh-ed  for 
every  4  single  furnaces.  His  duties,  in  addition  to  charging  and 
emptying  out  the  furnace,  are  to  keep  the  charge  sufficiently  open  for 
the  blast  to  pass  through  it,  and  to  see  that  the  temperature  is  main- 
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tained.  The  residues  remaining  on  the  grate  generally  contain  from 
2h  to  4  per  cent,  of  zinc,  so  that  the  loss  of  zinc  varies  from  10 
to  20  per  cent,  of  the  percentage  present  in  the  ore.  The  propor- 
tion of  zinc  retained  by  the  residues  cannot  be  diminished  either  by 
increasing  the  quantity  of  coal  or  by  leaving  the  charge  for  a  longer 
time  in  the  furnace.  It  depends  solely  upon  the  depth  of  the  layer 
of  ore  and  is  less  the  thinner  tiie  charge  is  spread  out  upon  the  grate. 
For  instance,  in  a  series  of  experiments  at  the  New  Jersey  Works,^ 
when  the  depth  of  the  charge  above  the  grate  amounted  to  between 
5  and  S  inches,  and  the  charge  was  left  from  5  to  6  hours  in  the 
furnace,  the  percentage  of  zinc  in  the  residues  was  from  1"20  to  4  per 
cent.,  whilst  when  the  charge  was  spread  in  a  layer  12  to  18  inches 
thick  and  left  for  loh  to  28  hours,  it  amounted  to  8  to  10  per  cent. 
The  residues  partly  form  sintered  blocks  2  inches  in  thickness, 
l^artly  small  pieces  and  dust.  In  addition  to  the  constituents  of  the 
ore  that  remain  behind,  they  also  contain  the  ashes  (15  to  20  per 
cent.)  of  the  anthracite,  as  well  as  lime,  which  is  in  many  cases 
added.  According  to  Dlirre,  their  chemical  composition  varies  between 
the  following  limits  : — - 

Per  cent. 

Silica 18  to  28 

Ferric  oxide 29  „  36 

Alumina 2  ,,     9 

Manga  nous  oxide 10  „  20 

Zinc  oxide 8  „   1-5 

Lime 8  ,,  IG 

Magnesia 1    ,,     4 

On  account  of  their  richness  in  iron  and  manganese  they  are 
smelted  for  spiegeleisen.  The  zinc  oxide  is  collected  in  the  above- 
mentioned  bags,  whilst  impure  zinc  oxide  to  the  extent  of  2  to  3  per 
cent,  of  the  total  quantity  produced  is  deposited  in  the  flues,  pipes, 
towers  and  cooling  chambers.  The  latter  is  removed  from  time  to 
time,  generally  once  a  week,  and  is  either  sent  into  the  market  as 
inferior  zinc  white  or  is  returned  with  the  ores  to  the  Wetherill 
furnaces,  or  is  smelted  for  metallic  zinc  in  retorts.  The  zinc  white 
deposited  in  the  bags  is  removed  from  them  by  shaking  and  beating 
from  time  to  time,  generally  at  intervals  of  from  2  to  4  hours,  and  is 
collected  into  barrels.  If  it  is  damp,  it  must  first  be  dried  upon  the 
drying  floor  of  the  cooling  chambers  and  then  sifted  in  a  cylindrical 
sieve,  the  screening  surface  consisting  of  closely-woven  linen.  At 
some  works,  as  at  Bethlehem,  the  dried  and  sifted  zinc  white,  after 
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the  casks  have  been  filled,  is  compressed  by  means  of  a  press  attached 
to  the  side  or  cross-walls  of  the  building,  and  the  cask  is  then  again 
filled  up.  The  zinc  white  is  sometimes  also  pressed  -first  in  ordinary 
sacks,  and  then  packed  in  casks. 

At  the  works  in  South  Bethlehem,  the  ore  first  undergoes  a  reducing 
calcination  in  order  to  convert  the  iron  into  magnetic  oxide,  and  is 
then  divided  into  portions,  poor  and  rich  in  iron  respectively,  by 
means  of  a  magnetic  separator.  The  portion  poor  in  iron  which 
contains  4638  per  cent,  of  zinc,   3"7G  per  cent,  of  iron,   and  6'68 
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per  cent,  of  manganese,  is  smelted  for  spelter  of  a  high  degree 
of  purity  known  as  the  Stirling  brand,  whilst  the  portion  rich 
in  iron,  which  contains  29-66  per  cent,  of  oxide  of  zinc,  37-20  per 
cent,  of  iron,  and  9-34  per  cent,  of  manganese,  is  first  treated  for  the 
production  of  zinc  white,  and  then  smelted  for  spiegeleisen.  The 
reducing  calcination  is  performed  in  a  rotating  calciner  heated  by  gas 
shown  in  Fig.  173.^ 

The  ore  is  mixed  with  20  per  cent,  of  its  w^eight  of  anthracite  and 
then  introduced  into  the  rotating  calciner,  C,  over  the  sloping  surface, 

V.  Ehrenwerth,  Minimj  and  MetaUunji/  at  the  Chicayo  Exhibition,  Vienna,  1895. 
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B,  by  means  of  the  elevator,  A.  The  furnace  is  heated  by  producer 
gas  generated  in  Taylor  gas  producers,  D.  The  ore  escapes  through 
the  bottom  end  of  the  furnace  heated  to  bright  redness,  whilst  the 
products  of  combustion  escape  at  the  upper  end  into  the  stack,  F. 
From  the  rotating  furnace  the  ores  enter  the  rotating  cooler,  G,  through 
which  a  current  of  cool  air  passes,  whilst  water  is  allowed  to  run  over 
the  outside.  The  cool  ore  is  raised  by  means  of  the  elevator,  H,  into 
the  hopper,  Z,  and  carried  by  a  blast  through  the  pipe,  J,  into  a  second 
elevator,  which  raises  it  on  to  the  sieve,  Z,  upon  which  the  unconsumed 
anthracite  is  retained.  The  ore  that  passes  through  the  sieve  is 
transferred  to  three  magnetic  separators,  K,  lying  one  below  the  other. 
The  non-magnetic  portion  of  the  ores  from  each  separator  enters  the 
hopper  for  zinc  ores.  The  separator  works  with  a  current  of  50 
amperes  and  a  tension  of  80  volts,  requiring  20  horse-power  to  drive 
it,  and  treating  40  tons  of  ore  in  24  hours. 

The  construction  of  the  furnace  for  the  production  of  zinc  white 
is  shown  in  Figs.  174  to  176,  the  plant  for  collecting  the  zinc  white 
in  Fig.  177.  The  furnace  grate  is  10  feet  long  and  4  feet  wide. 
Furnace  and  ashpits  are  provided  at  their  short  ends  with  doors,  which 
are  kept  closed  during  the  operation.  From  the  arch  of  each  furnace 
two  vertical  sheet-iron  pipes  lead  into  the  main  pipe,  V ;  the  latter 
opens  into  a  cooling  chamber  which  is  connected  to  the  cooling  tower, 
W.  From  this  tower  the  zinc  oxide  passes  into  the  pipe  X,  and  by 
means  of  a  fan  is  forced  into  the  cooling  chamber  I'^,  Avhich  com- 
municates with  the  bag  chamber  S.  After  the  grate  has  been  covered 
with  a  layer  of  anthracite,  this  is  ignited,  and  then  a  layer  of  mixed 
ore  and  anthracite  4*7  to  7  inches  deep  is  spread  over  it.  The  blast 
is  then  introduced,  and  at  the  end  of  6  hours  83  per  cent,  of  the  zinc 
of  the  ore  is  converted  into  zinc  wdiite.  A  small  portion  of  the  latter 
is  collected  in  the  cooling  chamber,  the  greater  portion  in  the  bags  of 
the  bag  chamber.  For  100  parts  of  frauklinite  56  parts  of  coal  are 
employed  for  admixture  and  46  as  fuel,  the  product  of  the  above 
quantity  of  franklinite  being  24o  parts  of  zinc  white,  containing 
09'87  per  cent,  of  oxide  of  zinc,  and  1*5  parts  of  impure  zinc  Avhite, 
containing  99'34  per  cent,  of  oxide  of  zinc,  together  with  66"22  parts 
of  residues.      The  latter  are  treated  for  spiegleisen  and  zinc  oxide. 

Their  composition  is  as  follows : — 

Per  cent. 

Zinc  oxide 6'1 

Iron 88-98 

Manganese 10'83 

Silica 19-89 

Phosphorus 0-026 
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The  residues  are  smelted  in  a  blast  furnace  35  feet  high,  with  hot 
blast  heated  to  480°  C. ;  the  vapours  of  zinc  escape  from  this  furnace 
at  so  high  a  temperature  that  they  cannot  condense  in  the  upper 
portions  of  the  latter.  The  vapours  and  gases  pass  from  the  blast 
furnace  as  shown  in  Fig.  177  into  an  arrangement,  V,  consisting  of 
vertical  pipes  in  which  zinc  white  and  metallic  zinc  are  deposited  ;  the 
gases  are  then  used  as  fuel  for  the  generation  of  steam  and  for  heating 
the  blast.  To  each  furnace  there  are  2  of  these  condensers  for  col- 
lecting zinc  and  zinc  oxide,  which  are  used  alternately,  so  that  the 
working  of  the  furnace  need  not  be  interrupted  whilst  they  are  being 
cleaned  out;  66"22  parts  of  residues  (  =  100  parts  of  franklinite)  yield 
31*72  parts  of  spiegeleisen,  2*33  parts  of  impure  zinc  oxide  containing 
7'1*16  per  cent,  of  oxide  of  zinc,  and  57"80  parts  of  slag,  10  tons  of 
spiegeleisen  being  produced  every  24  hours.  For  the  production  of 
100  tons  of  spiegeleisen,  208"6  tons  of  residues,  114'7  of  limestone, 
and  2086  of  anthracite  are  required. 

Zinc  white  is  extensively  used  in  the  United  States  for  paint.  It 
has  the  disadvantage,  as  compared  with  the  zinc  white  produced  in 
Europe  by  the  combustion  of  zinc,  that  it  becomes  slightly  yellow 
in  time.  Zinc  white  is  produced  from  zinc  blende  in  the  same  way 
as  it  is  from  ores  containing  franklinite.  If  this  blende  is  not 
dead  roasted,  the  zinc  oxide  will  contain  some  sulphate.  At 
Bergenport  the  charge  consists  of  645  lbs.  of  calcined  blende, 
and  300  lbs.  of  anthracite.  Gray  oxide  of  zinc  has  also  been 
produced  in  this  Avay  in  Europe.  In  Swansea,  England,  and  in 
Belgium,  calamine  and  the  dressed  residues  from  distillation  vessels 
have  been  similarly  treated  for  zinc  oxide.  If  the  ores  contain 
galena,  sulphate  of  lead  and  oxide  of  lead  are  also  formed,  these 
bodies  likewise  passing  into  the  zinc  white. 


Preparation    of  Mixtures  of  Oxide  of  Zinc,  Sulphate   of  Lead    and 

Oxide  of  Lead 

At  various  works  the  zinc  is  removed  from  lead  ores  containing 
zinc  by  reduction  of  zinc  oxide  and  oxidation  of  the  escaping  zinc 
vapours.  The  zinc  oxide  thus  formed,  which  always  contains  con- 
siderable quantities  of  lead  sulphate  and  lead  oxide,  is  collected  and 
sold  as  a  paint.  If  the  ores  contain  silver,  a  portion  of  the  silver 
always  passes  off  with  the  oxides.  This  process  is  carried  out  in 
reverberatory  furnaces  and  in  hearths.  It  is  in  use  at  Joplin,  Missouri, 
and  at  Cannon  City,  Colorado,  and  is  known  in  these  places  as  the 
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Bartlett  process.  At  Joplin,  Jaspar  County,  Missouri/  the  ore  consists 
of  blende  containing  galena  with  70  to  73  per  cent,  of  lead.  It  is 
treated  in  double  hearths  cooled  by  air  and  water,  the  construction  of 
which  is  shown  in  Figs.  178  to  180,  with  the  addition  of  2|  percent, 
of  lime,  the  first  products  being  lead,  zinciferous  lead,  fume  and  slag. 
The  hearth  rests  upon  cast-iron  columns,  so  that  its  lower  portion  is 
cooled  by  air.  The  hearth  space  is  divided  by  a  hollow  cast-iron 
block,  lying  on  the  bottom,  into  two  jjortions,  each  of  which  forms  a 
separate  hearth,  and  can  be  worked  independently  of  the  other.    This 


Side  Elevation 


Front  Elevation 


Blast  pipe 


Section  through 
the  tinjeres 


Figs,  its— ISO. 


partition  forms  the  back  wall  common  to  both  furnaces,  and  has  an 
opening  in  the  lower  portion,  through  which  it  fills  with  molten  lead. 
Upon  it  lies  a  hollow  cast-iron  water  box  in  which  water  circulates, 
and  above  this  is  an  iron  air  box  divided  lengthways  into  two  portions 
in  which  air  circulates.     Through  both  divisions  of  the  air  main  the 


^  Davey,  Truim.  Am.  Inst.  Min.  Eny.,  vol.  xviii. ,  p.  67-4;  Oleic,  Eny.  Mug. 
Journ.,  July  4,  1896;  Ramsay,  Scientific  Americav,  Supplement,  May  14,  No.  593, 
1887;  Trans.  Am.  Inst.  Min.  En<j.,  February,  1889;  J.  R.  Holibaugh,  Lead  and 
Zinc  Mining  in  Mis/<on7-i  and  Kansas,  New  Yoik,  1895. 
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blast  passes  into  a  row  of-  copper  tuyeres,  7  for  each  division,  which 
pass  througli  the  water  box  and  convey  the  blast,  heated  in  the  air 
box,  into  the  hearth.  By  means  of  the  blast  a  portion  of  the  galena 
is  converted  into  lead  sulphate  and  lead  oxide,  which  bodies  combine 
with  the  undecomposed  sulphide  of  lead  to  form  metallic  lead  and 
sulphur  dioxide.  A  portion  of  the  lead  is  volatilised  and  oxidised  by 
the  blast ;  a  portion  of  the  lead  sulphide  is  also  volatilised  and  con- 
verted by  the  blast  into  sulphate.  The  sulphide  of  zinc  is  first 
converted  into  zinc  oxide,  which  is  reduced  by  the  fuel,  the  blast 
converting  the  zinc  vapour  again  into  oxide.  The  lead  and  zinc  fume 
is  cooled,  and  then  collected  in  woollen  bags,  forming  a  gray  powder. 
By  burning  out  the  carbonaceous  substances,  particles  of  soot  and 
coal,  contained  in  it,  it  is  converted  into  white  crusts,  which  are  smelted 
with  the  slag  obtained  in  smelting  the  galena,  in  low  blast  furnaces 
with  coke  at  a  very  high  temperature.  An  additional  row  of  tuyeres 
is  provided  in  the  upper  portion  of  the  blast  furnace  for  the  oxidation 
of  the  volatilised  lead  and  zinc.  Lead,  slag  and  fume  are  thus 
produced.  The  last-named  is  first  cooled,  and  then  collected  in  bags, 
and  forms  a  white  product,  saleable  as  paint.  Its  composition  is 
shown  in  the  following  analysis  : — 

1.  II. 

PbSOj  ...  (i.")-46  65  00 

PbO         2.)  85  25-89 

ZnO .  5-95  6  (13 

Fe.,03 0-03  0-U2 

Cab 0-02  0  02 

CO., 1-53  200 

so:; 0-04  — 

H,0 0-69  u-85 

Insoluble O'OS  0-08 

In  the  above  described  hearth  ISi  tons  of  ore  are  treated  in  24 
hours  with  a  fuel  consumption  of  13|  tons  of  coal. 

At  Cannon  City,  in  Colorado,  a  similar  process  is  in  use  by 
means  of  which  the  lead,  silver  and  copper  contained  in  the  ore 
are  finally  concentrated  in  a  matte.  At  Freiberg  calcined  zinciferous 
lead  and  silver  ores  were  formerly  smelted  in  reverberatory  furnaces 
with  coke,  whereby  the  reduced  zinc  was  volatilised  and  collected 
as  zinc  gray.  In  consequence,  however,  of  the  volatilisation  of  lead 
and  silver  this  process  has  been  given  up. 


The  Production  of  Zinc  Vitriol 

At  the  Herzog  Julius  Works,  at  Goslar,  and  at  the  Sophia  Works, 
near   Langelsheim,  zinc  vitriol  is  produced  from   the  lead  ores  of 
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Rammelsberg,  which  contaiD  considerable  quantities  of  zinc  blende. 

These  ores  consist  of : — 

Per  Cent. 

Galena 9  to  12 

Zinc  blende 27-5  to  30 

Copper  pyrites 1  to  1-69 

Iron  pyrites        11  „  16 

Gangue 44  „  47 

The  gangue  consists  chiefly  of  barytes.  The  ores  are  calcined 
three  times  in  heaps,  by  which  a  portion  of  the  sulphide  of  zinc  is 
converted  into  sulphate.  The  latter  is  more  especially  contained  in 
the  small  ore,  which  is  therefore  removed  after  each  fire.  The  first 
fire  lasts  for  6  or  7  months,  heaps  of  500  tons  being  treated ;  the 
second  and  third  fires  are  given  in  calcining  houses,  the  heaps  being 
left  uncovered.  Each  heap  contains  above  500  tons  of  ore.  The 
second  fire  lasts  6  to  8  weeks;  the  third,  4  to  6  weeks.  The  small 
ore  separated  after  the  various  fires  contains  the  zinc  partly  in  the 
form  of  neutral  zinc  sulphate,  partly  as  a  basic  sulphate,  which  is 
not  soluble  in  water.     It  has  the  following  average  composition : — 

Per  Cent. 

Ag 0015 

CuO 1-34 

PbO 14-44 

ZnO 1912 

Fe.,0,       22-95 

SO'a  ' 15-95 

S 0-60 

Insoluble  residue,  alkaline  earths, 

COo,  HgO,  traces  of  Mn       .     .     85  05 

In  order  to  remove  the  neutral  zinc  sulphate,  the  small  ore  is 
systematically  leached  with  water  and  waste  solutions,  and  after 
being  dried  in  reverberatory  furnaces  is  smelted  for  lead,  together 
with  the  lump  ore  from  the  third  fire, in  blastfurnaces.  The  small  ore 
is  leached  in  horizontal  cylindrical  drums  driven  by  machine  power. 
The  ends  of  these  drums  are  made  of  cast  iron,  the  sides  of  wrought 
iron.  Their  length  is  3  feet  11  inches  and  their  diameter  3  feet 
3  inches,  and  they  will  contain  from  1  to  1;^  tons  of  ore.  The  ore  is 
leached  four  times,  the  two  first  times  with  the  unsaturated  solution 
from  a  previous  operation,  the  two  last  times  with  hot  water.  The 
drums  make  25  revolutions  per  minute.  The  first  leaching  lasts  15, 
the  second  25,  the  third   10,  and  the  fourth  5  minutes.     The  first 
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solution  of  50°B.  and  the  second  of  20°B.  are  mixed  so  as  to  form  a 
lye  of  80°B.,  clarified,  freed  from  iron  and  sulphate  of  lime,  and  then 
evaporated  down  to  the  crystallising  point,  when  the  zinc  vitriol  is 
allowed  to  crystallise  out.  The  solutions  are  clarified  first  in  wooden 
troughs  30  inches  broad  and  22  inches  deep,  and  then  in  brick  tanks 
lined  with  cement,  10  feet  long,  4  feet  3  inches  broad,  and  3  feet 
3  inches  deep.  These  tanks  are  provided  with  a  wooden  grating,  upon 
which  there  is  a  layer  of  the  richest  small  ore.  The  solution  is  thus 
further  concentrated  by  being  allowed  to  filter  through  this  layer. 
The  clarifying  of  the  solution  consists  in  heating  it  for  24  hours  to  a 
temperature  of  SO""  to  90°C.,  in  pans  made  of  sheet  lead  0"5  inch 
thick,  18  feet  long,  10  feet  broad  and  2  feet  deep,  which  stand  upon 
a  cast-iron  plate,  and  are  surrounded  with  a  brick  wall  one  brick  in 
thickness.  The  solution  is  then  transferred  to  wooden  boxes  lined 
with  sheet  lead,  10  feet  long,  7  feet  o  inches  broad  and  3  feet 
3  inches  deep,  for  a  period  up  to  10  days.  The  iron  is  converted  by 
the  heating  into  a  basic  sulphate,  and  separates  out  together  with  the 
sulphate  of  lime  and  other  difficultly  soluble  bodies,  in  the  tanks. 
About  half  a  ton  of  coal  is  required  for  the  clarifying  of  255  cubic 
feet  of  solution  of  30°B.  The  solution  thus  purified  is  evaporated  in 
pans  similar  to  those  used  for  clarifying,  down  to  50°B.,  and  is  then 
run  out  into  cooling  vats  made  of  wood  lined  with  sheet  lead 
0"12  inch  thick,  in  which  the  zinc  vitriol  is  allowed  to  crystallise 
out  for  6  to  S  days.  The  concentration  of  the  solution  from  30°  to 
50°B,  lasts  about  20  hours,  the  consumption  of  coal  being  from  17  to 
18  cwts.  The  cooling  tanks  are  32  feet  9  inches  long,  5  feet  broad, 
16  inches  deep  at  the  sides,  and  20  inches  in  the  centre.  The 
crystallised  vitriol  is  dried.    It  has  the  following  composition  : — 

Per  Cent. 

ZnO 25-45 

MnO 2-32 

FeO       0-47 

SO3       29-54 

CuO trace 

H2O 41-67 

The  presence  of  manganese  gives  it  a  pale  pink  colour.  The 
mother  liquor  is  pumped  back  into  the  evaporating  pans  until  it 
becomes  too  impure. 

A  portion  of  the  zinc  vitriol  is  worked  up  into  calcined  vitriol. 
For  this  purpose  it  is  heated  in  copper  vessels,  which  have  lately 
been  replaced  by  wrought-iron  pans,  3  feet  3  inches  deep  and  4  feet 
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in  maximum  diameter,  imtil  it  melts  in  its  water  of  crystallisation, 
when  it  is  stirred  continually  for  3  or  4  hours.  The  impurities 
that  separate  out  are  then  skimmed  off,  and  it  is  finally  ladled 
into  wooden  tanks,  in  Avhich  it  is  stirred  with  wooden  paddles  until 
it  solidifies  to  a  fine  grained  mass.  It  is  then  sifted  and  packed 
in  barrels.  At  the  Sophia  Works  26G  tons  of  crystallised  vitriol 
produced  232  tons  of  calcined  vitriol,  with  a  consumption  of  2,750 
cubic  feet  of  cord- wood. 


CADMIUM 

Physical  PitoPEirriEs 

Cadmium  has  a  white  colour  with  a  bhiish  tinge ;  its  structure  is 
■dense,  its  fracture  hackly.  It  crystallises  in  the  forms  of  the  cubical 
system.  It  is  soft  and  ductile,  and  can  be  both  beaten  out  intd  thin 
foil  and  drawn  into  wire.  It  is  intermediati?  between  tin  and  gold  in 
hardness  and  tenacity. 

Its  specific  gravity  when  cast  is  said  to  })e  8"604,  when  hammered 
8-()94. 

When  bent  it  "cries"  like  tin. 

Its  melting  point  is  316°  C.  according  to  Wood,  320°  C.  according 
to  Rudberg,  and  355°  C.  according  to  Wagner.  Its  boiling  point  is 
given  as  720°  C.  by  Becquerel,  and  as  860'"  C.  by  Deville  and  Troost. 
Its  vapour  is  orange-yellow  and  burns  in  the  air,  forming  bro\\Ti 
cadmic  oxide. 

An  addition  of  zinc  renders  cadmium  brittle. 

It  has  the  property  of  lowering  the  melting  points  of  certain  of 
its  alloys.  Thus  Rose's  metal,  composed  of  2  parts  of  bismuth,  1  part 
tin  and  1  part  lead,  melting  at  i)3f  C,  has  its  melting  point  br(jught 
down  to  75°  C.  by  the  addition  of  8  to  10  per  cent,  of  cadmium.  An 
alloy  containing  8  parts  lead,  15  parts  bismuth,  4  parts  tin  and  3 
parts  cadmium  becomes  pasty  at  60  C.  and  quite  fluid  at  70°  C.^ 

The  melting  point  of  soft  solder,  containing  37  per  cent,  of  lead 
and  63  per  cent,  of  tin,  is  reduced  to  136°  C.  by  the  addition  of  8  per 
cent,  of  cadmium,  and  to  132°  C.  by  the  addition  of  25  jjer  cent.- 

THE  CHEMICAL  PROPERTIES  OF  CADMIUM  AND  OF  ITS  COMPOUNDS  THAT 
ARE    OF    IMPORTANCE    IN    ITS   EXTRACTION 

When  heated  in  the  air  to  its  boiling  point,  cadmium  burns  to  an 
amorphous  brown  oxide,  infusible  at  a  white  heat.  It  only  decom- 
poses water  when  water  vapour  and  cad)iiium  vapour  are  allowed  to 

'  Lipowitz,  DiiKjhr,  vol.  l.")8,  p.  .370.  -  Hauer,  Diii(jkr,x(A.  177,  p.  154. 
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interact  at  a  red  heat.  At  lower  temperatures  it  only  decomposes 
Avater  in  the  presence  of  acids.  It  is  soluble  in  h^di-tjchloric,  nitric 
and  sulphuric  acids.  Zinc  precipitates  it  from  its  .solutions.  Sulphur- 
etted hydrogen  precipitates  it  from  moderately  acid  solutions  as 
a  sulphide  of  various  shades  of  yellow.  According  to  Xiederlander,^ 
cadmium  sulphide  of  a  pale  yellow  colour  is  produced  from  solutions 
of  the  chloride  or  the  sulphate  when  the  current  of  sulphuretted 
hydrogen  is  interrupted  after  half  the  metal  has  been  ^precipitated, 
M'hen  the  gas  is  allowed  to  come  into  contact  as  little  as  possible  Avith 
the  precipitate,  and  when  the  latter  is  washed  with  hot  water.  The 
dark  yellow  sulphide  is  produced  b}'  com})lete  precipitation  with  con- 
stant stirring  and  heating  of  the  precipitate  during  the  whole  jjeriod 
of  the  operation.  A  10  per  cent,  solution  is  best  suited  to  the  pro- 
duction of  both  the  pale  and  the  dark  yellow  sulphide. 

Orange-yellow  cadmium  sulphide  is  produced  when  sulphuretted 
hydrogen  is  passed  into  a  nearly  boiling  2  per  cent,  solution  of  the 
chloride  containing  5  per  cent,  of  free  hydrochli trie  acid,  the  pre- 
cipitate being  constantly  stirred  throughout  the  precipitation. 

Cadmium  oxide  is  reduced  to  metal  by  carbon  and  carbon  monoxide 
in  the  same  way  as  zinc,  the  temperature  of  reduction  being  however 
low^er  than  in  the  case  of  the  latter  metal.  As  cadmium  also 
volatilises  at  a  lower  temperature  than  zinc,  these  metals  can  be 
separated  in  the  dry  way  without  any  special  difficulty. 

Cadmium  hydrate  is  soluble  in  ammonia,  but  insoluble  in  excess 
of  the  carbonates  of  potash,  soda  or  ammonia. 

Cadmium  alloys  with  many  of  the  heavy  metals ;  its  alloys  wdth 
gold,  platinum  and  copper  are  brittle,  those  with  lead  and  tin  ductile  ;. 
its  alloys  with  silver  and  mercury  are  ductile  only  in  certain 
}>roportions. 

Zinc  is  rendered  brittle  and  finely  granular  by  a  considerable 
admixture  of  cadmium. 

Sources  of  Cadmilm 

Cadmium  occurs  in  nature  as  sulphide,  CdS,  with  77'6  per  cent,  of 
cadmium,  the  mineral  being  known  as  Greenockite.  It  occurs  in  such 
small  quantities  and  is  so  rare  {e.g.  at  Bishoptown  in  Scotland)  that 
it  cannot  be  regarded  as  a  source  of  cadmium.  It  occurs,  however, 
in  small  (juantity  in  most  zinc  ores,  especially  in  blende  and  calamine, 
for  exaiiijtle,  in  amounts  of  2  to  5  per  cent,  in  S)»anish  calamines,  of 
2  to  (i  \)vv  cent,  in  the  radiated  bK'ude  of  Pi'zibram.of  li3G  percent. 

J  Chemilrr  Zdniiii/.  IS!»:?,  X(i.  s-_'. 
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in  blende  from  Nussi^res,  and  of  013  to  0-21  per  cent,  in  Belgian 
blendes.  It  also  occin'S  in  the  zinc  ores  of  U[)per  Silesia,  the  Harz, 
Freiberg,  Derbyshire  and  Cnmberland.  When  these  ores  are  treated 
in  the  dry  way,  the  cadmium  accumulates  in  those  bye-products  that 
pass  over  first  on  distillation,  namel\',  zinc  fume,  poussvh'c,  and  flue- 
dust.  The  zinc  itself  also  often  contains  cadmium.  These  bodies,  of 
which  poussiere  from  Belgium  may  contain  as  much  as  80  per  cent, 
of  cadmium,  form  the  sources  from  which  this  metal  is  obtained. 

Cadmium  is  used  for  the  production  of  easily  fusible  alloys,  of 
amalgam  used  for  stopping  teeth,  of  cadmium  sulphide  which  serves 
as  a  yellow  oil  colour,  of  cadmium  iodide  and  bromide  for  photographic, 
and  of  the  sulphate  for  medicinal  purposes.  On  account  of  its  limited 
a})plications,  and  of  its  low  price  due  thereto,  only  small  quantities  of 
cadmium  are  ever  extracted. 

The  Extraction  of  Cadmium 

Cadmium  may  be  obtained  by  both  dry  and  wet  methods;  no 
attempts  have  yet  been  made  to  produce  it  electrol}"tically. 

It  is,  as  a  rule,  obtained  at  present  in  the  dry  way.  The  methods 
that  have  been  proposed  for  its  wet  extraction  have  not  as  yet  been 
put  into  practice. 

Extraction  in  tlic  Dry  Way 

The  extraction  of  cadmium  in  the  dry  way  depends  upon  the 
property  of  cadmium  oxide  of  being  reducible  to  metallic  cadmium 
vapour  by  the  action  of  carbon  and  carbon  monoxide,  at  a  temperature 
below  that  at  which  zinc  oxide  is  reducible  to  metal,  and  upon  the 
property  of  metallic  cadmium  of  volatilising  at  a  lower  temperature 
than  metallic  zinc. 

If  a  mixture  of  zinc  and  cadmium  oxide  is  accordingly  exposed  to 
the  action  of  carbon  in  retorts  at  a  comparatively  low  temperature, 
about  redness,  cadmium  is  reduced  first  and  vaporised,  and  can  there- 
fore be  condensed  in  receivers  and  thus  separated  from  the  zinc. 
When  a  mixture  of  zinc  oxide,  zinc,  cadmium  oxide  and  cadmium, 
with  a  comparatively  low  percentage  of  cadmium,  such  as  forms  the 
usual  material  for  the  extraction  of  cadmium,  is  reduced  by  carbon,  a 
pulverulent  mass  is  obtained  in  the  receiver,  consisting  of  cadmium 
oxide,  cadmium,  zinc  oxide  and  zinc,  considerabh'  richer  in  cadmium 
than  was  the  original  mixture.  Cadmium  can  then  be  extracted  from 
this  mixture  either  direct  or  alter  another  further  enrichment  by  a 
repetition  of  the  process  of  distillation. 

The  original  material  is,  as  alread}'  stated,  obtained  in  the  process 
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of  zinc  distillation,  thf  easily  reducible  and  \<>latile  cadniiuin  iiii.\e<l 
with  zinc-dust  and  zinc  oxide,  being  deposited  in  the  cones  attached 
to  the  adapters  for  zinc  distillation,  or  in  the  first  dust  chambers 
connected  with  these. 

The  extraction  of  cadmium  was  formerl}'  conducted  as  follows  in 
the  l^pper  Silesian  zinc  works: — 

The  material  was  furnished  by  the  so-called  first  poussierc,  that  is 
to  say  the  flue-dust  or  zinc-dust  collected  during  the  first  3  or  Af 
hours  of  the  distillation,  in  the  sheet-iron  cones  attached  to  the 
adapters;  it  was  mixed  with  small  coke  in  the  proportion  of  23  cubic 
feet  of  coke-dust  to  2  cwt.  of  zinc-dust,  and  distilled  at  a  red 
heat  in  ordinar}'  muffles  with  adapters.  The  zinc  was  thus  in  part 
collected  in  the  adapters,  whilst  the  dust  enriched  in  its  cadmium 
contents  Avas  caught  in  the  attached  cones.  A  charge  took  12  hours 
to  work  off,  and  after  every  three  charges  the  residues  rich  in  zinc 
were  removed  from  the  muffles. 

The  dust  rich  in  cadmium  thus  obtained  was  mixed  with  charcoal 
and  distilled  at  a  red  heat  in  small  cylindrical  cast-iron  retorts, 
provided  with  sheet-iron  adapters,  and  which  were  heated  in  the 
stack  of  the  calamine  calciners.  The  cadmium  collected  in  the 
adapter,  which  was  closed  by  a  wooden  plug.  A  charge  was  treated 
in  12  hours,  and  after  three  charges  had  been  worked  off,  the  residues 
were  removed.  The  cadmium  was  remelted  and  cast  into  thin  rods. 
At  ^YQ'^ent  first  povssiere  is  no  longer  produced  at  the  majority  of 
the  works  in  Upper  Silesia.  Cadmium  is  now  extracted  from  the 
oxides  deposited  in  the  first  portion  of  the  dtist-chambers,  such  as  form 
the  continuation  of  Kleeman's  and  Dagner's  adapters.  These  oxides 
contain  over  1  per  cent,  of  cadmium  ;  they  are  mixed  with  a  suitable 
proportion  of  coal,  and  are  distilled  at  a  low  red  heat  in  the  retorts 
that  are  used  for  zinc  extraction,  long  sheet-iron  cones  being 
used  as  adapters ;  cadmium  collects  in  the  latter  intermixed 
with  cadmium  oxide,  zinc  and  zinc  oxide.  The  material  so  enriched 
is  mixed  with  charcoal  and  distilled  in  small  cast-iron  or  clay  retorts; 
the  former,  used  at  Lipine,  are  furnished  with  long  conical  sheet-iron 
adapters.  The  latter  have  no  adaptei's,  l)ut  are  set  at  an  angle,  so 
that  the  cadimum  collects  in  the  front  portion,  whence  it  can  be  drawn 
off  through  a  tap-hole  and  cast  into  mouhls.  Cadmittm  collects  in 
the  adapters  of  the  cast-ii'on  retorts  in  the  solid  state.  It  is  trans- 
ferred to  a  ladle,  covered  with  a  la^'er  of  the  oxides  cleaned  out  from 
the  retorts,  then  with  a  layer  of  tallow  and  melted.  After  fusion  it 
is  allowed  to  cool  down  somewhat,  and  is  then  cast  in  moulds  made 
of  pa]>ei-  i-olled  up  so  as  to  produce  rods  weighing  2  to  3  ounces  each. 
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The  cadiiiiuiii  collected  in  the  cla}'  retorts  is  tapped  out  into  ladles 
anil  poured  direct  into  cast-iron  moulds  made  in  two  halves,  which 
also  prixluce  it  in  the  form  of  rods. 

At  Lipine  the  dust-catchers  connected  with  the  Kleeman  adapters, 
in  which  latter  a  good  deal  of  cadmium  is  volatilised,  yield  flue-dust 
containing  at  the  outside  8  per  cent,  of  cadmium.  Dust  containing 
5  to  (J  per  cent,  of  cadmium  may  be  obtained  by  using  globular  sheet- 
iron  receivers  attached  to  the  adapters :  these  are  taken  off  at  the 
expiration  of  Ih  to  2  hours,  and  the  dust  that  clings  to  the  sides  is 
shaken  (jut. 

The  flue-dust  so  obtained  is  next  treated  in  an  ordinary  zinc  muffle, 
provided  with  a  taper  conical  sheet-iron  adapter  about  3  feet  long. 
I'he  charge  for  the  muflle  consists  of  55  lbs.  of  flue-dust  and  44  lbs. 
of  cinder.  Distillation  takes  about  22  hours,  and  the  working 
about  2  hours.  Flue-dust  is  deposited  on  the  inside  of  the  adapter, 
considerably  enriched  in  cadmium,  but  containing  widely  varying 
amounts  of  that  metal.  It  is  further  treated  in  cast-iron  retorts, 
2  inches  high  in  the  clear,  and  6"7  inches  wide,  the  metal  being- 
about  1  inch  thick ;  these  are  provided  with  a  tapering  conical  sheet- 
iron  adapter,  about  16  inches  in  length.  The  charge  for  a  retort 
consists  of  3  to  3|  lbs.  of  flue-dust,  and  11  to  13  lbs.  of  clean  and 
fine-grained  cinder.  Cadmium  in  the  form  of  drops  and  cadmium 
oxide  are  deposited  inside  the  adajjter ;  this  mixture  is  transferred  to 
a  small  cast-iron  ladle  and  heated  under  a  layer  of  tallow,  the  molten 
cadmium  being  then  cast  into  rods.  The  residues  from  the  muffles 
and  retorts  are  returned  to  a  subsequent  charge. 

At  the  Paul  Works  in  Upper  Silesia,  flue-dust  collected  from  the 
flues  connected  with  the  Dagner  adapter  is  used  as  a  source  of  cad- 
mium. It  contains  3  to  4  per  cent,  of  cadmium,  and  is  distilled,  as 
at  Lipine,  at  a  red  heat  for  24  hours  in  ordinary  zinc  muflies 
provided  with  a  conical  sheet -iron  adapter.  Flue-dust  with  20  per 
cent,  of  cadmium  is  thus  obtained,  which  is  mixed  with  cinder  and 
distilled  in  a  cylindrical  clay  retort  about  10  inches  in  diameter  and 
4  feet  long,  the  operation  lasting  24  hours.  The  charge  for  a  retort 
is  33  lbs.  The  retort  has  no  adapter,  and  inclines  towards  the  front 
of  the  furnace;  the  cadmium  collects  in  this  portion  of  the  retort, 
and  is  tapped  through  a  small  hole  into  a  ladle  from  which  it  is  poured 
direct  into  moulds.  The  residues  from  the  retorts  are  added  to  the 
charges  for  zinc  distillation. 

At  Engis  in  Belgium  ^  zinc-dust,  averaging  1'5  to  I'G  per  cent,  of 

cadmium,  is  mixed  with  coal-dust   and  treated   in  Belgian  furnaces 

'  Stiidler,  Joiirn. /.  Pract.  Chem.,  1864,  vol.  91,  p.  359;  Diiig/er,  vol.  173,  p.  286. 
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carrying  thret*  ruws  of  small  cast-iron  tubes  with  cast-iron  adapters 
and  sheet-iron  nozzles,  the  product  being  dust  with  6  per  cent.  <)f 
cadmium.  In  12  hours  2  cwt.  of  dust  are  treated  in  11  tubes, 
yielding  28  to  32  lbs.  of  enriched  dust.  The  latter  is  distilled  again 
in  the  same  plant,  producing  metallic  cadmium,  28  to  32  lbs.  being 
treated  in  12  hours  in  four  tubes.  The  cadmium  collects  in  the 
adapters,  Avhence  it  is  drawn  off  at  intervals  of  1  hour,  so  that  it 
shall  be  as  free  from  zinc  and  iron  as  possible.  It  is  then  cast  into 
moulds.  The  residues  from  the  distillation  contain  0'30  per  cent,  of 
cadmium ;  of  the  cadmium  contents  of  the  original  dust,  30*12  per 
cent,  is  saved,  21*17  per  cent,  is  left  in  the  residues  and  48*71  per 
cent,  is  volatilised.  Three  grades  of  cadmium  are  produced ;  the 
purest  kind,  which  is  readily  bent,  amounts  to  about  one-half  of  the 
total ;  the  next  contains  75  per  cent,  of  cadmium  and  can  be  bent 
Avith  difficulty  but  yet  without  breaking,  whilst  the  poorest  quality 
contains  only  40  per  cent,  of  cadmium  and  is  very  brittle.  The 
inferior  qualities  are  purified  by  fractional  distillation.  According  to 
R.  Wagner  a  sample  of  Silesian  cadmium  had  the  following  com- 
position : — 

Cd 94-86 

Zn 4-96 

Fe 0-23 

8p.  gr.  8-528.  Melting  point  368°  C. 

Extraction  of  Cadmium  in  the  Wet  Way 

Wet  processes  have  been  proposed  for  extracting  cadmium  both 
from  zinc  fume  and  from  metallic  zinc,  containing  cadmium,^  but 
have   not  yet   come   into   use. 

The  older  suggestions  depend  upon  the  fact  that  when  the  above 
substances  are  treated  with  hydrochloric  acid,  zinc  will  dissolve  before 
cadmium,  whilst  the  latter  metal  can  be  thrown  down  from  its 
solutions  by  the  former.  The  substances  are  to  be  treated  with 
hydrochloric  acid  in  such  quantity  that  a  portion  of  the  zinc  remains 
undissolved  and  can  thus  precipitate  any  cadmium  that  may  have 
gone  into  solution;  any  lead  present  will  also  be  found  in  the  residue. 
The  latter  is  then  treated  with  hydrochloric  acid  until  a  little 
cadmium  has  gone  into  solution,  thus  showing  that  all  the  zinc  has 
been  dissolved  out.  The  cadmium  is  thrown  down  from  the  solution 
by  means  of  rods  of  zinc.  The  mixture  of  lead  and  cadmium  is  then 
subjected  to  distillation.  The  solution  is  to  be  neutralised  with  zinc 
fume,  and  the  ziiie  thrown  down  fi-om  it  as  a  hydrate  b3-niilk  of  lime. 

'    li' rij.  intil  lliitl.  Zhj..  |S»i-J.  ]).  :vi.-). 
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Another  inelhod  for  obtaining  cadmium  sulphide  or  oxide  has 
been  proposed  by  Kosmann  ^  for  the  flue-dust  of  the  zinc  reduction 
and  blend  calcination  furnaces  of  Upper  Silesia. 

The  flue-dust  from  the  zinc  furnaces,  the  composition  of  which  has 
been  given  on  pages  183  and  184  is  to  be  treated  with  neutral  annno- 
nium  carbonate,  which  dissolves  the  zinc,  whilst  the  cadmium  remains 
as  insoluble  carbonate.  The  solution  is  heated,  when  ammonia  and  a 
part  of  the  carbon  dioxide  are  driven  off,  whilst  basic  zinc  carbonate 
is  formed  which  can  be  converted  into  zinc  oxide  by  heating.  The 
residue  is  heated  to  convert  the  carbonate  of  lead  present  into  oxide, 
and  is  then  digested  with  solution  of  lead  acetate,  which  dissolves  the 
oxide  of  lead.  Carbon  dioxide  is  passed  into  the  solution,  precipitat- 
ing the  lead  as  white  lead.  The  residue  that  was  left,  containing 
the  cadmium,  cither  as  oxide  or  as  carbonate,  may  be  treated  with 
dilute  sulphuric  acid  to  dissolve  the  cadmium,  which  may  be  thrown 
down  as  sulphide  by  means  of  sulphuretted  hydrogen.  If  cadmium 
oxide  is  to  be  produced,  the  residue  is  treated  with  nitric  acid,  the 
solution  of  cadmium  nitrate  is  evaporated  and  the  salt  heated,  when 
brown  cadmium  oxide  is  left  behind. 

This  process  has  never  come  into  use. 

Flue-dust  obtained  in  calcining  blende  from  Upper  Silesia  also 
contains  cadmium  ;  it  is  partly  soluble  and  partly  insoluble  in  water. 
The  comjjosition  of  two  samples  from  the  Silesia  and  Godulla  works 
respectively  is  shown  by  the  subjoined  analyses^: — 

I.  Flue-dust  fro.m  the  Silesia  Works. 


Soluble.                              Insoluble. 

Insoluble  per  cent. 

ZnO 

PbO 

CdO 

TIO 

FeO 

MnO 

FeA 

•  AlA 

CaO 

MgO 

AsA 

P2O5 

SO3      

H„0 

"Residue 

17-144 

0-874 
0-006 
1-896 
1,3.32 

1  2-900 

0-714 
0-168 

20-4.30 
11-400 

7-192 
6-285 
1-147 

0-04-2(Mn,OJ 

9-043 

31 15 

0-478 

0-44(J 

0-401 

0-263 

6-612 

7  765 

16-809 

14-690 

2-680 

0-098 
21-135 
7-280 
1-117 
1-028 
0-937 
0-614 
15-453 

18146 

.56-864 

42-786 

99-997 

99-65(t 

i  Prtn.v.%  Minisf.  Ztif-srhr.,  1883,  p., 238.         -  B>^ry.  mid  Hiitt.  Zfg.,  1862,  p.  505, 


!48  METALLURGY 

II.  Flue-dist  fkum  the  Godull.v  Wokk.s. 


ZnO 

PbO 

CclO 

TIO 

FeO 

MnO 

Fe.Oo 

AUO3 

CaO      

MgO 

As.,03 

P.o/ 

SO3 

H2O 

Resiiluu 

Soluble. 

Insoluble.            \      Insoluble  per  cent. 

9-532                        15-430 
8-980                        14-486 
1-518                          2-449 

l-591(Mn304)           2-566 
15-928                        25-696 
4-601                          7-423 
1-071                          1-640 
0-858                          1-065 
1-280               i           2-066 
0-394              !          0-604 
9-061                       15-101 

6-804                       10-976 

10-991 

1120 
O-fMtU 
1-676 
0-481 
2-940 
1-191 
0-464 
1-337 

13-320 

4-850 

38-376                           61-618                      99-502 

99-994                                ; 

Ko.smann  proposes  to  treat  this  flue-dust  first  with  water  and 
then  Adth  sulphuric  acid :  the  cadmium  is  dissolved  as  sulphate,  in 
part  in  the  aqueous  solution,  in  part  by  the  acid.  The  solutions  are 
mixed  and  heated,  to  preci^^itate  iron  and  calcium  sulphate.  The 
solution  is  then  diluted  Avith  water,  and  the  cadmium  precipitated  as 
sulphide.  Arsenic  is  precipitated  as  sulphide  along  Avith  it,  and  is  said 
to  improve  its  colour.  If  cadmium  oxide  is  required,  the  sulphide  is 
to  be  roasted,  the  arsenic  being  volatilised  as  trioxide  and  condensed. 

This  process  also  has  not  come  into  use. 


Extraction  of  Cadmium  hy  Electrolytic  Methods 

Borchers  ^  was  able  to  precij)itate  cadmium  from  its  solutions  in 
laboratory  experiments,  using  a  cuirent  of  (i  to  14  amperes  per 
square  foot;  it  may  therefore  be  obtained  in  form  fit  for  use  more 
readil}-  than  zinc. 

Brand -also  obtained  favourable  results  in  experiments  on  the 
purification  of  cadmium  contaminated  with  zinc  and  other  metals  by 
the  help  of  the  galvanic  current ;  the  tension  in  the  bath  Avas  Ioav, 
and  the  metal  obtained  quite  pure.  He  used  for  his  anodes  ])lates 
of  impure  cast  cadmium,  containing  cadmium  88"7  per  cent.,  zinc 
<S-5o  per  cent.,  lead  ]-45  ])or  cent.,  co])])L'r  1-.S5  ])er  cent.,  with  smaller 

1  Eltktro-mttallihijic,  1895,  p.  29S. 

■-'  Dammer,  Chfm.  TeihiioL,  vol.  ii.,  jij).  .S3,  687. 
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iimounts  of  antimony,  arsenic,  bismuth  and  ii'on ;  his  electrolyte  was 
a  solution  of  cadmium  sulphate  with  5  per  cent,  of  free  sulphuric 
acid  and  0'8  lb.  cadmium  to  the  gallon.  With  electrodes  2  inches 
apart,  and  a  current  intensity  of  12*8  amperes,  the  tension  in  the 
bath  was  only  0"042  volt,  because  the  solution  of  the  zinc,  which 
remained  in  the  electrolyte,  introduced  a  considerable  amount  of 
electric  energy  into  the  circuit.  The  tension  increased  to  0'048  volt, 
as  soon  as  the  solution  contained  together  with  5  per  cent,  of 
sulphm-ic  acid,  0"-464  lb.  of  zinc,  and  0*04  lb.  of  cadmium  to  the 
gallon. 


]^IERCURY 

Physical  Properties 

Mercury  or  quicksilver  is  the  only  metal  Huid  at  ordinary 
temperatures.  It  has  a  silver-white  colour  with  a  slight  bluish  tinge, 
and  a  perfect  metallic  lustre.  According  to  3Ielsens,  it  is  transparent 
in  thin  layers,  showing  a  blue  colour  with  a  somewhat  violet  tinge. 
According  to  Cavendish,  it  solidities  at  —  39"38'  C. ;  according  to 
Hutchins,  at  -39-44°  C,  and  according  to  Mallet,  at  -38-85°  C. 
It  contracts  upon  solidification,  and  forms  a  white,  very  ductile  and 
malleable  mass,  which  is  readily  cut  Avith  a  knife.  It  raises  blisters 
on  the  human  skin  on  contact,  just  like  red-hot  metal.  Its  specific 
gi'avity,  when  fluid,  at  0°  C,  is  13'5959  according  to  Regnault, 
13-595  according  to  Kopp,  and  13-589  according  to  Biot  and 
Arago.  The  specific  gravity  i:)f  solid  mercury  is  14-1932.  It 
crystallises  in  the  forms  of  the  cubical  system.  The  specific  heat  of 
solid  mercury  between  —78°  and  —40''  C.  is  0-0247,  that  of  the  fluid 
metal',  between  0°  and  100°  C,  is  0-0333.  Its  electrical  conductivity 
according  to  Matthiesen  at  22-8°  C.  is  1-G3,  silver  at  0°  being  taken 
as  100.  Its  thermal  conductivity  according  to  Calvert  and  Johnson 
is  G77,  compared  to  that  of  silver  taken  as  1,000.  Mercury  is 
volatile  to  a  slight  extent  at  ordinary  temperatures,  and  according  to 
Merget  even  below  —44°  C.  This  may  be  proved  by  suspending 
gold  leaf  above  a  vessel  containing  mercury,  when  it  will  become 
coated  at  <:)rdinary  temperatures  with  a  white  layer  of  amalgam. 
The  boiling  point  of  mercury,  according  to  Dulong  and  Petit,  is  360°, 
according  to  Regn^iult,  357-25°  C. :  it  is  converted  into  a  colourless 
vapour,  the  density  of  which  is  given  as  between  &7  and  7-03.  The 
i-apidity  with  which  mercury  volatilises  on  boiling  depends  to  a  great 
extent  upon  its  purity.  It  is  mainly  diminished  by  lead  and  zinc, 
and  on  the  contrary  increased  by  platinum.  Millon  showed  that  in 
the  same  time  and  under  otherwise  similar  conditions,  thirteen  times 
as  much  pui-c  mercury  was  volatilised  as  of  mercury  containing 
10  000   '-'*   lead.     Platiuuin   increases  the  rapidity  of  evaporation  if 
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digeste<l  tor  one  or  two  days  with  mercury  at  a  temperature  of  50°  to 
■80°  C.  Iridium,  gold,  silver,  copper,  nickel,  cadmium  and  arsenic 
have  no  influence  upon  the  rapidity  of  evaporation. 

At  ordinary  temperature  the  cohesion  of  pure  mercury  consider- 
ably surpasses  its  adhesion  to  lighter  bodies.  When  therefore  it  is 
allowed  to  run  over  an  inclined  surface  of  pajjer  or  glass,  it  forms 
spherical  masses  or  globules.  When  it  is  impure,  it  leaves  a  film 
upon  the  above-named  surfaces,  and  does  not  run  in  spherical 
globules  but  in  pear-shaped  ones.  W^hen  agitated  with  air,  it  then 
leaves  a  black  powder ;  by  violent  agitation  of  mercury  with  various 
fluids,  as  also  by  rubbing  it  up  with  certain  bodies  such  as  sugar  and 
grease,  it  is  converted  into  a  fine  dark  gray  powder.  Vapours  (jf 
mercury  have  a  most  injurious  effect  upon  the  animal  system.  In,.-, 
all  operations  in  which  mercury  vapours  are  evolved,  it  is  therefore; 
necessary  to  take  especial  precautions  to  protect  the  persons  engaged 
therein. 


CHEMICAL  PROPERTIES  OF   :MERCURY   AND   OF   ITS  COMPOUNDS,  WHICH 
ARE   OF    IMPORTANCE    FOR   THE    EXTRACTION    OF   THE    METAL 

Pure  mercury  is  unchanged  in  dry  air  at  ordinary  temperatures ; 
neither  is  it  affected  by  long-continued  agitation  with  air,' oxygen, 
nitrous  oxide,  nitrous  acid  or  carbon  dioxide.  In  damp  air,  however, 
it  graduall}"  becomes  coated  with  a  thin  film  of  mercurous  oxide 
(HgoO).  Impure  mercury  becomes  coated  with  a  film  of  oxide  even 
in  dry  air.  If  mercury  is  heated  for  a  considerable  time  up  to 
350"  C.  in  the  air,  it  oxidises  to  mercuric  oxide  (HgO),  which 
according  to  Pelouze  is  crystalline.  This  gradually  decomposes  in 
the  sunlight  into  mercury  and  oxygen.  When  heated  it  is  rapidly 
decomposed,  the  mercury  being  volatilised.  When  again  cooled 
down,  it  is  partly  re-converted  into  mercuric  oxide.  Mercury, 
distilled  by  heating  the  latter,  is  therefore  rendered  i;npure  by  oxide, 
and  is  accordingly  somewhat  pasty. 

Mercuric  oxide  produced  in  the  wet  way  by  precipitation  from 
mercuric  salts  has  a  bright  orange-yellow  colour,  which  according 
to  Pelouze  is  an  amorphous  modification  of  mercuric  oxide. 

Dilute  sulphuric  acid  has  no  action  upon  mercury.  Concentrated 
boiling  sulphuric  acid  dissolves  it  with  the  evolution  of  sulphur 
dioxide.  When  mercury  in  excess  is  present,  the  mercurous  salt  is 
produced ;  with  excess  of  sulphuric  acid,  on  the  other  hand,  the 
mercuric  salt  is  formed.  Hydrochloric  acid  does  not  attack  mercury. 
Nitric  acid,  even  when  dilute,  dissolves  mercury,  forming  a  nitrate, 
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the  inercurous  salt  being  fonned  in  the  presence  of  an  excess  of 
nuTcun-  and  when  cold  acid  is  employed,  but  the  mercuric 
salt,  when  heated  with  an  excess  of  acid  or  when  strong'  acid  is 
used. 

Mercurous  salts,  as  also  mercuric  sulphate  and  nitrate,  are  decom- 
posed by  water  into  soluble  acid  and  insoluble  basic  salts.  Mercurous 
salts  when  heated  decompose,  producing  mercuric  salts  and  metallic 
mercury. 

-'  Aqua    regia    dissolves    mercur\-    with     comparative     readiness, 

non  o\      mercuric  chloride  (HgClg)  being  formed.     Chlorine  in  the  gaseous 

4  "*       condition    or    in   solution    in    water,    attacks    mercury   at    ordinary 

ujUt        temperatures,  mercurous  chloride  being  formed,  and  gray  pvilveru- 

.         i^4,lent  mercur}'  being  jDroduced.     Boiling  mercury  burns   in  chlorine 

gas   with  a  yellowish-red  flame,    forming  mercurous  and  mercuric 

Wa»>-       chlorides. 

'  Mercuric  chloride,  so-called  corrosive  sublimate,  is  jirepared  b}" 

dissolving  mercury  in  aqua  regia,  by  dissolving  mercuric  oxide  in 
h\drochloric  acid  or  by  the  addition  of  common  salt  to  mercuric 
sulj)hate.  Mercurous  chloride,  known  as  calomel,  is  produced  by 
treating  mercuric  chloride  with  mercury  or  by  precipitating- 
mercurous  .salts  by  means  of  hydrochloric  acid.  Both  chlorides  have 
a  Avhite  colour  and  are  volatilised  on  heating,  mercurous  chloride 
subliming  without  previous  fusion.  Mercuric  chloride  is  readily 
soluble  in  water;  mercurous  chloride  is  soluble  neither  in  water 
nor  in  dilute  acids. 

Sulphide  of  mercur}-  (HgS),  the  most  important  compound  of 
mercury  for  the  metallurgist,  occurring  native  as  cinnabar, 
can  be  produced  as  an  amorj)hous  black  mass  by  rubbing 
together  flowers  of  sulphur  and  rnercurj'  and  by  gentl}'  heating  the 
mixture  of  the  two  bodies.  If  this  mass  is  heated  to  its  melting- 
point,  mercuric  sulphide  volatilises,  and  may  be  condensed  in  the 
f(jrm  of  a  brownish  red  crystalline  sublimate.  This  on  grinding, 
becomes  scarlet  and  forms  artificial  cinnabar.  When  gently  heated, 
air  being  excluded,  it  is  readily  re-converted  into  black  amorphous 
mercuric  sulphide,  but  if  heated  more  strongly,  it  again  sublimes  as 
red  sulphide.  Native  cinnabar  begins  to  darken  at  200'  C,  and  to 
\olatilise :  at  350*^  it  volatilises  to  a  very  great  extent,  but  for  its 
complete  volatilisation,  a  low  red  heat,  500"  to  600°  C,  is  required. 
With  excess  of  air,  it  burns  at  350°  C.  with  a  blue  flame  of 
^ulphin-,  forming  sulphur  dioxide,  metallic  mercury  separating  out 
and  volatilising.  The  red  sulphide  of  mercury  darkens  under  the 
action   of  light,  and   after   a   considerable   time  it   becomes  black 
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in  consequence  of  the  separation  of  free  iiK.'rcury.  The  specific 
gravity  of  artificial  cinnabar  is  .S'124'  according  to  Boullay,  whilst 
the  specific  gravity  of  its  \apour  acc(jrding  to  Mitscherlich  is 
o"51.  It  is  therefore  assumed  that  upon  th(!  volatilisation  of 
sulphide  of  mercury,  pai'tial  dissociation  takes  place.  Mercuric 
sulphide  can  be  produced  in  the  wet  Avay  by  the  action  of  alkaline 
pol^'sulphides  upon  uu'rcuiT,  or  by  the  action  of  sulphuretted 
hydrogen  or  alkaline  sulphides  u})i-»n  solutions  of  mercuric  salts. 
In  these  processes,  black  mercuric  sulphide  is  obtained.  If  the 
latter  is  brought  into  contact  with  alkaline  polysul})hides  it  passes 
into  red  mercuric  sulphide  slowly  in  the  cold,  but  rapidly  on  heating. 
This  phenomenon,  which  has  been  utilised  for  the  profluction 
of  artificial  cinnabar  in  the  wet  way,  has  been  explained  by  supposing 
that  black  mercuric  sulphide  dissolves  in  solutions  of  alkaline 
polysulphides,  and  crystallises  out  of  the  solution  in  the  form  of  the 
red  sulphide.  Mercuric  sulphide  is  not  attacked  by  hot  nitric  acid. 
Aqua  regia  dissolves  it  rapidly  with  the  formation  of  sulphuric  acid 
and  the  separation  of  sul})hur.  Mercuric  sulphide  forms  double 
sulphides  with  the  sulphides  of  the  alkalies.  The  potassium  salt 
for  instance  has  the  formula  HgSKgS  +  xH.,0 :  it  contains  variable 
(piantities  of  water  according  to  the  temperature  and  the  concentra- 
tion of  the  solution.  A  portion  of  these  double  sulphides  is  soluble 
in  water  in  the  presence  of  caustic  alkalies,  but  at  a  certain  degree 
t)f  dilution  is  decomposed  again  into  its  constituents.  Mercuric 
sulphide  forms  peculiar  double  compounds  with  mercury  and  copper 
salts.  For  instance,  by  passing  sulphuretted  hydrogen  into  a 
solution  of  mercuric  chloride,  a  white  deposit  of  the  composition 
^HgS  +  HgCU  is  first  formed,  which  becomes  yellow  and  finalh' 
black  under  the  continued  action  of  sulphuretted  hydrogen.  Sul- 
phide of  mercury  is  soluble  in  solutions  of  sodio-cuprous  chloride. 
3Iercuric  sulphide  is  soluble  in  bromine.  According  to  Regnault, 
mercuric  sulphide  is  partly  decomposed  bv  water  vapour,  sulphuretted 
hydrogen  being  formed  and  mercury  separating  out  together  with 
a  black  sublimate.  When  sulphide  of  mercury  is  heated  with  carbon, 
it  is  partly  decomposed  according  to  Berthier,  carbon  bisulphide  being- 
formed,  and  mercury  separating  out.  When  heated  with  other 
metals  which  possess  a  greater  affinity  for  sulphur  than  mercur}*,  for 
example  with  iron,  tin  or  antimony,  the  mercury  is  liberated  in  the 
form  of  vapour,  whilst  the  sulphur  combines  with  the  respective 
metals.  Copper  and  zinc  are  said  by  Heumann  to  decompose 
cinnabar  at  the  boiling  point  of  Avater,  or  at  ordinary  temperatures 
under  pressure.     When  mercuric  sulphide  is  heated  with  lime,  the 
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mercury  separates  out  and  volatilises,  sulphide  and  sulphate  of  calcium 
bcinsc  ]iroduced  as  sho^\^l  by  the  following  ecjuation  : — 

4HgS  +  4CaO  =  4Hg  +  8CaS  +  CaSO,. 

Alloys  of  Mercury 

Mercury  combines  directly  with  most  metals  in  all  proportions, 
forming  so-called  amalgams  :  with  gold,  silver,  zinc,  tin,  cadmium, 
lead  and  bismuth  it  amalgamates  readih' ;  copper  amalgamates  easily 
when  finely  divided,  but  with  difficulty  in  the  massive  state :  arsenic, 
antimony  and  platinum  amalgamate  Avith  difficulty,  iron,  nickel  and 
cobalt  not  at  all  directly.  The  amalgams  of  the  last  named  three 
metals  can  only  be  produced  indirectly  under  certain  conditions,  for 
example  by  means  of  electrolysis  when  a  solution  of  a  mercuric 
salt  is  used  for  the  electrolyte  and  one  of  the  above  named 
metals  as  cathode,  or  when  sodium  amalgam  is  brought  in  contact 
Avith  solutions  of  these  metals,  or  when  the  metals  are  brought  in 
contact  with  solutions  of  mercury.  These  amalgams  are  ver}' 
unstable  and  decompose  readily,  iron  amalgam  for  instance  when 
violentl}"  agitated.  When  mercury  amalgams  are  heated  to  the 
boiling  point  of  mercury,  the  latter  separates  in  the  form  of  vapour, 
whilst  the  respective  metals  are  set  free. 

Ores  of  Mercury 

Mercury  occurs  in  nature  in  but  relatively  few  minerals.  The 
only  oi'c  of  mercury  which  occurs  in  considerable  quantities  in  nature, 
and  which  alone  forms  the  object  of  an  independent  extraction  of 
merciuy,  is  cinnabar.  Native  mercury  often  occurs  with  this  ore, 
but  only  in  verj-  subordinate  quantities.  The  other  true  ores  of 
murcury  are  of  no  importance  for  the  extraction  of  that  metal.  In 
addition  to  the  true  ores  of  mercury,  mercury  occurs  isomorphously 
intermixed  with  other  minerals,  especially  with  fahlores,  and  in  very 
minute  quantities  in  zinc  blendes.  In  the  fahlores,  in  some  localities 
it  is  contained  in  such  quantity  that  these  are  worth  treating  for 
mercury. 

Native  Mercury 

This  generally  occurs  in  deposits  of  cinnabar  as  a  decomposition 
jn-oduct  of  that  mineral,  and,  therefore,  generally  near  the  outcrop 
of  such  deposits.  In  these  it  is  generally  found  in  the  form  of 
small  disseminated  globules  or  in  filiform  masses.     It  is  rare  to  find 
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the  individual  globules  so  largv  that  the  inereury  can  be  collected 
f'niui  them.  Considerable  (quantities  of  native  mercury  disseminated 
through  serpentine  have  been  found  for  instance  at  the  outcrops  of 
\arious  deposits  of  cinnabar  in  California  (Sonoma  Mine,  Rattlesnake 
Mine,  Wall  Street  Mine).  It  is  said  to  occur  in  a  decomposed 
granite,  unaccompanied  b}"  cinnabar,  in  the  neighbourhctod  of 
Limoges,  especially  at  Melinot  near  St.  Lu,  and  also,  accompanied  by 
calomel,  in  the  strata  upon  which  the  town  of  Montpellier  stands. 
It  occurs  alloyed  with  siher  in  the  form  of  native  amalgam,  which 
contains  26'5  to  35  per  cent,  of  mercury,  and  is  looked  upon  as  a 
silver  ore.  This  mineral  has  been  found  at  Moschellandsberg  in 
the  Rhine  Provinces,  at  Rosenau  in  Hungary,  Allemant  in  France, 
and  Argueros  in  the  province  of  Coquimbo  in  Chili. 

Cinnahar  or  Cinnaharitc  (HgS) 

This  mineral  contains  86-2  per  cent,  of  mercury,  and  is  the  onl}- 
ore  which  is  regularly  worked  for  mercury,  on  which  account  it 
deserves  fuller  consideration.  It  but  rarely  occurs  in  large  masses, 
but  generally  disseminated  or  intermixed  with  metallic  oxides,  earths, 
bituminous  substances  or  iron  pyrites  ;  of  the  metallic  minerals,  iron 
pyrites  is  the  most  frequent,  followed  by  arsenical  and  antimoniacal 
compounds,  and  ores  of  gold,  copper  and  zinc.  As  regards  its 
geological  distribution,  it  may  be  noticed  that  it  occurs  in  strata  of 
almost  all  ages  from  Archaean  crystalline  schists  to  Quaternary 
deposits.  It  is  also  found  in  deposits  from  eruptive  rocks  and  from 
sulphurous  springs  of  volcanic  origin,  as  also  at  times  in  the  erup- 
tive rocks  themselves.  It  is  still  being  deposited  in  the  fumaroles  of 
Sulphur  Bank,  near  Clear  Lake,  in  California. 

Cinnabar  is  dimorphous.  In  addition  to  the  red  crystalline 
variety,  there  is  also  a  black  variety  possessing  no  crystalline  struc- 
ture and  a  lower  specific  gravity  than  red  cinnabar,  which  is  known 
as  meta-cinnabarite.  Cinnabar  intermixed  with  bituminous  bodies,, 
which  give  it  a  dark  red  to  black  colour,  is  known  as  hepatic 
cinnabar.  Idrialite  is  a  mixture  of  cinnabar  with  idrialine  (C3H2),. 
occurring  at  Idria.  Coralline  ore  is  a  mixture  of  cinnabar,  bituminous 
matters  and  about   60   per  cent,  of  calcium  phosphate. 

Cinnabar  occurs  at  relatively  few  places  in  the  world  in  sufficient 
quantity  to  be  worked  for  the  extraction  of  mercury.  In  Europe  the 
most  important  localities  which  furnish  the  largest  quantities  of 
mercury  are  Almaden,  in  Spain  ;  Idria,  in  Carniola;  and  Nikitowka, 
in  the  South  of  Russia. 
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At  Almaclen,  on  the  northern  slopes  of  the  Sierra  Morena  between 
Badajoz  and  Ciudad  Real,  cinnabar  occurs  together  with  native 
mercury  in  an  area  10  miles  long  and  0  miles  broad,  in  Silurian  and 
Devonian  strata,  consisting  of  slates,  quartzites,  sandstones,  and 
small  quantities  of  limestone,  forming  three  almost  vertical  tabular 
deposits  aboiTt  GOO  feet  in  length  and  12  to  25  feet  wide.  In  these 
deposits  it  occurs  both  in  masses  and  disseminated.  The  contents 
of  mercury  of  the  different  grades  of  ores  vary  from  0'75  up  to  25'05 
per  cent. ;  it  is  said  to  average  <S  to  0  per  cent.  In  the  year  1893, 
the  production  of  mercury  was  7'82  per  cent,  of  the  weight  of  the 
ores,  and  in  1894  8i9  per  cent.  These  deposits  were  known  to 
Theophrastus,  as  early  as  800  B.C.,  and  they  are  still  to-day  the  most 
important  mercury  deposits  in  Europe. 

At  Idria,  in  Austro-Hungary,  cinnabar,  hepatic  ore  and  coralline 
■ore  occur  with  native  mercury  in  irregular  deposits  in  Triassic  strata. 
The  deposits  are  partly  of  the  nature  of  a  stockwork,  partly  contact 
veins  between  limestone  and  dolomite,  the  various  grades  of  ore 
containing  from  0"2  to  30  per  cent,  of  mercur}^  the  average  of  the 
ores  being  from  from  05  to  0'8  per  cent.  This  deposit  was  known 
in  the  year  1490,  and  is,  after  Almaden,  the  most  important  in 
Europe. 

At  Xikitowka,  a  station  on  the  Kursk-Charkoff-Azov  railway 
line,  in  the  district  of  Bachmut  of  the  government  of  Eekaterinoslav 
in  the  South  of  Russia,  cinnabar  occurs  impregnating  sandstone  strata 
of  carboniferous  age,  having  a  thickness  of  46  feet.  The  average  pro- 
portion of  mercury  contained  in  this  important  deposit  is  given  as 
0'6  per  cent.  As  is  shown  by  old  exhausted  spoil  heaps,  this  deposit 
has  been  worked  in  ancient  and  as  yet  undetermined  times.  Opera- 
tions were  recommenced  only  in  the  year  1880,  and  at  present  ores 
are  produced  in  such  quantities,  that  the  mercury  produced  at  the 
works  attached  to  the  mine  not  only  suj^plies  the  demands  of  Russia, 
but  is  exported  in  considerable  quantities.  It  may  be  considered  as 
one  of  the  most  important  deposits  of  the  whole  Avorld.  Regarded 
as  a  single  works,  it  is  the  most  important  in  Europe  after 
Almaden  and  Idria.  Among  the  other  occurrences  of  cinnabar  in 
Europe  that  possess  a  certain  importance  there  may  also  be 
mentioned  Vallalta,  near  Agorda,  in  the  north-west  of  the  state  of 
Venice,  where  cinnabar  occurs  in  the  form  of  impregnations,  whilst 
the  ores  are  relatively  poor ;  as  also  the  deposits  in  the  district  of 
Monte  Amiata  in  Tuscany,  the  principal  mines  being  Salvena,  Pian 
Castagnajo,  and  Diacoletto  on  the  Siele,  near  Castellazzara.  The 
works  of  Vallalta  and  those  (jf  Monte  Amiata  are  still  in  operation, 
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the  nioiciiry  production  of  the  bitter  being  considerable.  A  recently 
discovered  (1883)  deposit  of  cinnabar  of  a  certain  importance  is  that 
in  the  Avala  Hills,  near  Belgrade,  in  Servia,  where  mercury  is  also 
extracted.  Deposits  of  mercury  which  were  formerly  of  importance, 
but  arc  now  no  longer  worked  either  on  account  of  the  competition 
of  other  works,  or  on  account  of  the  exhaustion  of  the  deposits,  are 
those  of  Wolfstein  and  Moschellandsberg  in  the  Bavarian  Palatinate, 
of  Horrowitz  in  Bohemia,  of  Volterra,  Cerigliani  and  Ripa,  near 
Serravezza,  in  the  province  of  Lucca  in  Italy.  Other  deposits  of 
subordinate  importance  in  Europe  are  those  of  Mieres,  Santander, 
Tobiscon  and  Purchena  in  Spain,  of  Neumarktel  in  the  Santa  Anna 
or  Loibel  Valley,  of  Littai  (in  veins  of  lead  ore)  in  Carniola,  of 
Balagna  and  Capo  Corso  in  Corsica,  of  the  Isere,  Haute  Vienne  and 
the  Sevennes  in  France,  of  Kongsberg  in  Norway,  and  Sala  in  Sweden. 
In  North  America  the  most  important  deposits  of  cinnabar,  the 
output  from  which  exceeds  that  of  Idria,  and  at  one  time  exceeded 
that  from  Almaden,  occur  in  California,  in  a  zone  of  slates  of  the 
Cretaceous  and  Tertiary  period,  consisting  of  talcose,  micaceous,  clay 
and  siliceous  slates,  serpentines,  sandstones,  limestones  and  dolomites, 
[)enetrated  by  numerous  eruptive  outbursts.  This  zone  of  slate  is 
more  or  less  strongly  impregnated  with  cinnabar  in  various  places,  at 
some  of  which,  especially  where  serpentine  and  sandstones  are  in 
contact,  the  proportion  of  mercury  is  a  very  high  one,  amounting  to 
as  much  as  35  per  cent.  The  ore  occurs  both  as  contact  deposits 
and  also  disseminated  in  serpentine  and  in  sandstones.  At  various 
places  the  cinnabar  is  accompanied  by  pyrites  and  bituminous 
substances.  At  others  it  occurs  impregnating  chalcedony  which  may 
then  contain  as  much  as  3  to  10  per  cent,  of  mercury.  The  deposits 
occur  in  a  district  between  the  mouth  of  the  Sacramento  and  Clear 
Lake  upon  the  eastern  slope  of  the  chain  of  hills  extending  from  San 
Francisco  towards  the  south-east,  known  as  New  Almaden  and  New 
Idria,  and  the  coast  district  about  St.  Louis  Obispo  and  Santa 
Barbara.  The  most  important  occurrence  which  has  furnished  the 
largest  quantity  of  mercury  is  that  of  New  Almaden,  near  San  Jose, 
lying  to  the  south-east  of  the  southern  end  of  the  bay  of  San 
Francisco ;  this  deposit  is  however  approaching  exhaustion  within  a 
measurable  period.  The  occurrence  of  Sulphur  Bank  to  the  east  of 
Clear  Lake  is  especially  interesting  on  account  of  its  association  with 
an  old  geyser  Avhich  is  still  throwing  out  boiling  water  with  consider- 
able quantities  of  gypsum,  alkaline  borates  and  sulphur.  From  the 
sides  of  some  of  the  fissures  in  Sulphur  Bank,  ascending  vapours 
deposit  sulphur  which  is  sometimes  intimately  mixed  with  cinnabar. 
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The  ore  of  Sulphur  Bank,  which  contains  on  the  average  1 '7 5  per 
cent,  of  mercury,  is  intermixed  with  sulphur,  and  was  first  worked 
for  that  substance. 

The  Californian  cinnabar  deposits  were  already  known  to  the 
Indians,  who  used  the  cinnabar  as  a  paint.  Mercury  was  first 
extracted  by  Castellero  in  1845.  Whilst  the  deposits  of  Almaden 
and  Idria  seem  to  become  richer  in  depth,  the  more  important 
Californian  deposits,  especially  those  of  New  Almaden,  seem  to 
be  approaching  exhaustion.  The  average  output  of  hiercuiy  from 
calcined  Californian  ores  amounted  in  1889  to  between  1'088 
and  2"295  per  cent,  according  to  Randall.^  Cinnabar  has  also 
been  found  in  the  State  of  Texas.  In  Mexico,  cinnabar  is  found 
near  Capula  and  St.  Romualdo  in  the  State  of  Jalisco,  at  Pede- 
mal,  Carro  and  Guadalcazar  in  the  State  of  St.  Luis  de  Potosi, 
at  Huitzuco  in  the  State  of  Guerrero,  and  near  Zacatecas. 
Many  of  these  deposits  were  formerly  worked,  and  some,  especially 
at  Guadalcazar,  are  still  in  operation.  In  South  America  a  deposit 
of  cinnabar,  which  was  discovered  in  1566,  and  was  at  one  time  of 
great  importance,  occurs  in  Peru  in  the  district  of  Huancavelica. 
The  ore  occurs  in  Jurassic  strata  on  the  eastern  slope  of  the  Western 
Cordilleras,  but  is  no  longer  worked  at  present.  Other  South 
American  occurrences  are  those  of  Chonta,  Cajamarca,  and  Santa 
Cruz  in  Peru,  of  the  State  of  Tolima  in  Cokimbia,  and  at  Andacallo 
in  the  Province  of  Coquimbo  in  Chili,  La  Cruz  and  Santo  Tome  in 
the  Argentine  Republic,  Paranagra,  Santa  Catherina,  Santo  Paulo 
and  Oro  Preto  in  Brazil. 

In  Asia  the  most  important  occurrence  of  cinnabar  is  in  the 
Province  of  Kweitshow  in  Southern  China.  This  is  a  ver}'  extensive 
deposit  and  traverses  the  above-named  province  from  south-west  to 
north-east.  It  is  probably  the  richest  deposit  in  the  whole  world. 
The  most  important  district  in  which  it  is  extracted  is  said  to  be 
that  of  KaitshoAv  in  the  neighbourhood  of  the  capital,  Kweiyang. 
The  works  were  stopped  in  the  year  1848,  but  are  said  to  have  been 
restarted  recently.  Cinnabar  further  occurs  in  Asia  in  the  Province 
of  Hoang  Hai  in  China,  at  Senday  in  Japan,  at  Ildekansk  in  the 
district  of  Nertshinsk  in  Siberia,  in  Borneo,  Sumatra,  Java,  and  in 
the  neighbourhood  of  Smyrna. 

In  iVfrica  cinnabar  has  been  found  in  various  places  in  Algeria 
and  Tunis. 

In    Australia   it   occurs   at    Cudgegong   in  New    South   Wales, 
Kilkivan  in  Queensland,  and  Omaperesec  in  New  Zealand. 
^  EiKj.  MiiuJourn.,\o\.  50,  p.  265. 
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The  other  ores  of  mercury  are  of  no  importance  for  the  extraction 
of  that  metal.  Amongst  them  may  be  mentioned  onofrite,  a  sulpho- 
selenite  of  mercuty,  occurring  at  San  Qnofre  in  Mexico ;  Coccinite,  an 
iodide  of  mercury  from  Mexico;  horn  mercury  or  calomel,  a  native 
mercurous  chloride,  from  Moschellandsberg,  Avala,  Idria  and  Alma- 
den.  Mercurial  fahlore  is, a  fahlore  which  contains  certain  quantities 
of  mercuric  sulphide.  It  may  isontain  up  to  18  per  cent,  of  mercury; 
It  occurs  more  especially  in  Hungary,  at  Altwasser,  Rosenau,  Szlana, 
Iglo  and  Gollnitz,  where  it  contains  considerable  amounts  of 
mercury,  which  is  extracted  from  it  as  a  bye-product,  at  the  Stefans 
Works,  near  Gollnitz.  ]\Iany  varieties  of  zinc  blende  of  the  Rhine 
Provinces  contain  sn^all  quantities  of  rnercuric,  sulphide. 

Mercurial  Furnace  Products 

Mercury  is  extracted  not  only  from  its  ores,  but  also  from  certain 
furnace  products  which  are  obtained  in  the  process  of  mercur}'  ex- 
traction. These  consist  chiefly  of  so-called  soot  or  "  slwp'p" ^  which 
consists  of  a  mixture  of  finely  divided  mercury  with  soot,  cinnabar, 
mercuric  oxide,  mercuric  sulphate,  other  sulphates,  quartz,  &c.,  and 
of  the  residues  obtained  in  treating  this  soot.  In  gold  and  silver 
extraction,  amalgams  are  produced  from  which  the  mercury  is 
recovered  by  distillation. 

Extraction  of  Mercury 

extraction  oe  mercury  from  ores 

The  extraction  of  mercury  from  its  ores  has  up  to  the  present 
been  earned  on  in  the  dry  way  alone.  Wet  methods  have  rejieatedly 
been  proposed,  but  have  not  been  able  to  make  any  headwa,y,  and 
there  is  for  the  present  no  likelihood  of  their,  being  introduced. 
Neither  has '  the  electrolytic  method  of  mercury  extraction  been 
adopted,  although  it  would  seem  not  to  be  entirely  without  favour- 
able prospects. 

The.  Extraction  of  Mercury  in  the  Dry  Way 

The  only   ore  from   which  mercury  is  extracted    in  practice  is 
cinnabar.     Ores   containing    only  native  mercury    must   be   looked 
upon  as  exceptional ;  the  mercury  may  be  obtained  from  thOsci  by 
^  Derived  from  the  Sclavonic  word  Stupa,  meaning  dust. 
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a  simple  distillation  either  in  retorts  or  in  shaft  furnaces.  Mercury 
is  extracted  from  mercurial  fiihlores  as  an  accessory  product,  when 
these  ores  are  calcined.  As  may  be  gathered  from  the  pre\"i(tusly 
given  chemical  reactions  of  mercury,  mercur\'  may  be  extracted  from 
cinnabar  in  \arious  Avays.  Two  methods  are  used  u})on  a  large  scale. 
The  fjne  depends  upon  the  fact  that  at  a  high  temperature  the  oxygen 
of  the  air  combines  with  the  sulphur  of  mercuric  sulphide,  forming 
sulphur  dioxide,  whilst  the  mercury  is  set  free  in  accordance  with 
the  e(pu\ti(»n  : — 

Hg8  +  20  =  Hg+SO, 

The  other  de})end>  ujion  heating  the  mercuric  sulphide  with  lime- 
when  the  sulphur  combines  with  the  calcium  forming  calcium  sul- 
phide and  sulphate,  whilst  the  mercury  is  liberated  as  shown  by  the 
following  e(piation : — 

4HgS  +  4CaO  =  4Hg  +  8CaS  +  CaSO,. 

Instead  (»f  lime,  iron  may  be  employed,  as  shown  in  the  folloAving 
reaction : — 

HgS  +  Fe=:Fe8  +  Hg. 

In  every  case,  the  above  chemical  reactions  takes  place  at  tem- 
peratures higher  than  the  boiling  point  of  mercury,  so  that  the  latter 
is  separated  in  the  gaseous  form,  and  has  to  be  condensed.  In  the 
former  method  the  vapours  of  mercury  are  diluted  by  sulphur  dioxide, 
nitrogen  and  ox^-gen,  whilst  in  the  latter  case,  where  lime  or  iron  is 
employed,  they  are  in  the  concentrated  condition,  and  are  therefore 
more  easily  condensed.  Hence  the  process  of  mercury  extraction 
may  be  looked  upon  as  a  process  of  compound  evaporation  or  distil- 
lation.    According  to  the  above,  we  have  to  distinguish  : — 

1.  The  extraction  of  mercury  by  heating  cinnabar  in  the  air  : 

2.  The  extraction  of  mercury  by  heating  cinnabar  with  lime  or 
iron,  air  being  excluded. 

As  regards  the  choice  of  the  most  suitable  process,  the  preference 
should,  as  a  general  rule,  both  for  economic  and  for  hygienic  reasons,, 
be  given  to  the  extraction  of  mercury  by  heating  cinnabar  in  the  air,, 
rather  than  by  the  employment  of  lime  or  iron.  Heating  cinnabar 
in  the  air  is  a  process  that  may  be  carried  out  either  in  shaft  fur- 
naces, rcverberatory,  or  muffle  furnaces.  When  shaft  and  reverbera- 
tory  furnaces  are  used,  large  quantities  of  ore  can  be  treated  with  a 
comparatively  small  consumption  of  fuel  and  labour;  the  process 
can  also  be  so  arranged  that  the  workmen  are  not  troubled  by  the 
mercurial  vapours.     On  the  other  hand,  the  process  is  open  to  the 
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■objecti«3n  that  the  nicrcurial  vapours  arc  dihited  by  sulphur  dioxide, 
oxygen  and  nitrogen,  and  in  the  case  of  shaft  and  revcrberatory 
furnaces,  also  by  tho  products  of  combustion,  and  that  the  complete 
condensation  of  the  mercury  is  therefore  rather  difficult,  consequent 
losses  of  metal  thrimgh  incomplete  C(jndensati<3n  being  accordingly 
unavoidable.  The  extraction  of  mercury  by  heating  cinnabar  with  lime 
or  iron  must  be  performed  in  retorts.  Concentrated  mercurial  vajjoui's, 
which  can  roadily  bo  condensed,  are  thus  obtained  ;  but  the  process  is 
•open  to  the  objection  that  the  ores  must  first  be  crushed,  that  only 
f^mall  quantities  can  be  treated,  that  the  retorts  last  for  only  a 
<;omparatively  sh(jrt  time,  that  the  operation  is  attended  with  high 
•costs  for  fuel  and  labour,  and  that  the  workmen  are  aifected  by  the 
mercurial  fumes  when  the  retorts  are  emptied  out.  Although  the 
output  <if  mercury  is  somewhat  higher  than  in  the  iirst-named 
process,  it  is  nevertheless  inferior  to  it  on  account  of  the  high  work- 
ing costs,  so  that  it  is  absolutely  unsuitable  for  poor  ores.  The  chief 
objection,  that  the  wc^'knien  are  attacked  b}'  the  mercurial  vapours, 
is  of  such  parauKJuut  impcjrtance  that  the  process  should  really  not 
be  carried  on  at  all.  It  has  therefore  been  given  up  at  the  majority 
of  works,  and  has  been  replaced  by  the  first-named  process  ;  its  use 
can  only  be  justified  for  the  treatment  of  merely  small  quantities  of 
•ores  containing  a  very  high  percentage  of  mercury. 

EXTRACTION   OF   :MERCURY    RY   HEATING    CINNAHAR    IN    THE    AIR 

This  process  must  be  regarded  as  a  distillation  process,  although 
it  might  be  looked  upon  as  (jxidising  rtjasting,  and  therefore  a  process 
of  combustion,  if  the  metal  to  be  extracted  by  it  were  not  at  the 
same  time  volatilised.  It  C(jnsists  in  heating  cinnabar  with  an  excess 
of  air  to  such  a  high  temperature  that  the  affinity  of  the  oxygen  of 
the  air  for  the  sulphur  of  the  mercuric  sulphide  becomes  active, 
when  the  sulphur  is  oxidised  to  sulphur  dioxide,  the  mercury  separ- 
ating out  in  the  metallic  form.  A  portion  of  the  sulphur  dioxide  is 
converted  into  trioxide  by  contact  action.  The  cinnabar  is  best 
heated  to  the  requisite  temperature,  as  will  be  shown  presently,  in 
shaft  or  reverberat<jry  furnaces,  the  mercurial  vapour  being  therefore 
■diluted  with  various  gaseous  products,  from  which  mixture  it  has  to 
be  separated,  the  difficulty  being  increased  b}'  the  high  temperature 
of  the  gases.  As  has  been  seen  in  the  extraction  of  zinc,  a  metal 
which  is  also  obtained  by  a  distillation  process,  the  condensation  of 
the  zinc  vapours  which  are  also  diluted  by  other  gases,  forms  the 
most  difficult   portion  of  the   extraction.     At  a  definite  degree   of 
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dilution  the  zinc  can  no  longer  be  obtained  at  all  in  the  liquid  state, 
but    separates    out    in    the    pulverulent    condition,   a    considerable 
quantity  of  which  afterwards  remains  in  the  gases  escaping  from  the 
condensers.     The  same  occurs  in  the  extraction  of  mercury,  in  which 
the  condensation  of  the  metal  forms  the  most  difficult  portion  of  the 
process,  in  consequence  of  the  dilution  of  its  vapours  by  the  above- 
named  gases,  of  the  high  temperature  to  which  the  metal  has  been 
heated,  and  of  the  rapidity  with  which  the  current  of  gas  has  to  pass 
through  the  condensing  appliances.     Nevertheless,  the  condensation 
of  mercury  vapours  is  more  easily  effected  than  that  of  zinc  vapours, 
because  the  latter,  owing  to  the  low  solidifying  point  of  mercury 
(  —  39°C.),  cannot  separate  out  in  the  form  of  dust,but,  when  sufficiently 
cooled,  necessarily  forms  a  liquid,  and  because  mercury  can  be  caused 
to  deposit  without  great  difficulty  on  account  of  its  high  specific 
gravity,  even  from  gases  in  which  it  occurs  in  a  high  state  of  dilution. 
It  is,  however,  unavoidable  that  comparatively  small  quantities  of 
mercury — a  metal  that  is  volatile  at  very  low  temperatures---should 
escape  without  being  condensed.     Even  under  the  best  conditions 
of  working,  the  conversion  of  some  mercury  into  the  so-called  "stupi)" 
(mercurial  soot)  is  unavoidable.     The  soot,  which  consists  of  a  mixture 
of  finely  divided  mercury,  mercurial  compounds,  and  sooty  products, 
of  the  dry  distillation  of  the  fuel  and  the  bituminous  constituents  of 
the  ores,  together  with  its  other  mineral  constituents,  forms  a  deposit 
in  the  condensers.     It  contains  up  to  80  per  cent,  of  mercur}".     It& 
formation  is  due,  according  to  Patera,  to  the  sulphates,  formed  when 
cinnabar  is  heated,  and  the  chlorides,  which  were  either  contained  in 
the  ores  or  produced  by  the  chlorides  present  in  the  ash,  together 
with  soot,  tar  and  ammonia  derived   from   organic  matters,  which, 
substances  envelop  the  particles  of  mercury  as  they  condense,  and 
prevent  them  from  uniting.     The  greater  portion  of  the  mercury  is 
recovered  from  the  soot  by  processes  to  be  described  later  on.     Apart 
from  the   above-named   objections,  the    extraction   of  mercury  by 
heating  cinnabar  in  the  air  forms  one  of  the  most  difficult  of  metal- 
lurgical processes,  requiring  to  be  conducted  with  the  greatest  care,, 
because  considerable  losses  of  metal  are  necessarily  incurred,  whilst 
diseases  of  the  workmen  engaged,  due  to  mercurial  poisoning,  are 
practically  unavoidable.     Other  difficulties  are  the  penetration  of 
the  mercurial  vapours  into  the  brickwork  of  the  furnace  and  con- 
densers ;  the  amount  of  merqur}'^  that  remains  in  the  distillation, 
residues  unless  the  utmost  care  is  exercised  ;  the  comparatively  small 
proportion  of  mercury  in  the  ores  that  have  to  be  treated ;  the  acid 
character  of  the  condensed  water,  owing  to  the  sulphur  dioxide  and 
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sulphur; Jtrioxide  in  the  gases  carrying  the  mercur}-,  and  its  action 
upon  the  mercury,  as  also  upon  the  metal  of  which  the  condensers  are 
construcitod ;  together  with  the  further  circumstance  that  mercury 
would  form  amalgams  with  such  metals  as  are  little  or  not  at  all 
affected  by  acid  waters,  and  which  would,  therefore,  otherwise  be 
suitably  ..for  the  construction  of  condensers,  and  the  fact  that  the 
vapours  -must  be  extracted  from  the  furnaces  and  condensers  by 
means  of.  fans  in  order  to  protect  the  workmen  as  far  as  possible. 
The  losses  of  mercury,  which  formerly  amounted  to  50  per  cent.,  and 
even  more  at  some  works,  have  recently,  by  a  suitable  construction  of 
furnace  and  care  in  conducting  the  process,  by  lining  the  walls  and 
floors  pf  the  condensers,  and  by  suitably  constructing  the  latter,  and 
by  proper  regulation  of  the  gaseous  current,  been  reduced  to  8  per 
cent.,  and'  even  less  of  the  mercury  present  in  the  ores.  Considering 
the  small  proportion  of  mercury  jiresent  in  the  ores,  averaging  1  to 
3  per  cent.,  the  unavoidable  retention  of  small  quantities  of  mercury 
in  the  residues  of  the  latter,  the  unavoidable  formation  of  soot,  the 
action  of  acid  waters  ujDon  the  mercury,  and  the  volatility  of  mercurj- 
at  ordinary  temperatures,  the  process  of  the  extraction  of  mercury  in 
its  present  stage  of  development  must  be  looked  upon  as  having  been 
very  well  worked  out  when  the  loss  is  only  from  6  to  8  per  cent.,  and 
it  no  longer  deserves  to  be  considered  as  an  imperfect  or  crude  pro- 
cess as  compared  with  other  metallurgical  operations.  As  regards  mer- 
curial poisoning,  attempts  have  been  made  to  protect  workmen  by  the 
employment  of  suitably  arranged  fans  in  front  of  the  condensers,  so 
as  to  draw  off  all  the  gases  which  formerly  escaped  from  the  furnaces 
and  condensers,  and  by  carrying  all  the  gases  evolved  into  stacks, 
whereby  a  very  marked  diminution  of  mercurial  poisoning  has  been 
attained.  As,  however,  mercury  is  volatile  even  at  ordinary  tem- 
peratures, its  vapour  rising,  according  to  Brame,  up  to  the  height  of 
about  3  feet  at  15°  C,  it  will  probably  never  be  possible  to  avoid 
altogether  the  inhalation  of  small  quantities  of  mercury,  which  are 
thus  conveyed  to  the  blood  through  the  lungs.  Mercury  vapours 
produce  disturbances  of  the  nervous  system,  the  digestion,  the  motor 
functions,  and  of  the  lungs,  disease  of  the  teeth,  poverty  of  blood, 
scurvy  and  scrofula.  When  breathed  in  larger  quantities,  their 
effect  is  fatal.  Among  the  prophylactic  measures  that  have  been 
recommended  against  mercurial  poisoning  are  the  following  : — Clean- 
liness, open  air,  acid  foods,  and  moderation  in  the  use  of  alcohol. 
Melsens  ^  recommends  the  employment  of  potassium  iodide.  This 
is  said  to. render  the  insoluble  mercurial  compounds  that  have  been 
1  Berg,  unci  Hiltt.  Ztg.,  \^Ti,  p.  236. 
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taken  into  the  system  soluble,  and  cause  their  separation  in  the  urine. 
A  solution  of  potassic  chlorate  is  used  at  New  Almaden. 

The  plant  in  which  the  above  process  is  carried  out  consists  ot 
various  distillation  appliances  with  condensing  attachments.  Dis- 
tillation appliances  may  be  heaps,  stalls,  reverberatory  furnaces, 
shaft  furnaces,  and  muffle  furnaces.  Distillation  in  covered  heaps 
with  alternate  layers  of  fuel  and  ore,  and  the  collection  of  thi' 
mercury  in  the  upper  layers  and  in  the  cover  of  the  heap,  a  process 
which  was  for  instance  carried  out  a  long  while  ago  at  Idria,^  is  a 
most  imperfect  process,  owing  to  the  volatilisation  of  mercury,  to  the 
retention  of  a  comparatively  large  proportion  of  the  metal  in  th<' 
ores,  and  to  the  penetration  of  the  metal  into  the  ground.  At 
present  it  only  possesses  historical  interest.  For  the  same  reasons, 
stalls  are  unsuitable  fir  the  extraction  of  mercury.  They  are 
used  exceptionally  in  the  calcination  of  mercurial  fahlores  for  the 
extraction  of  copper  and  silver.  In  this  process  the  mercury  is 
condensed  as  a  bye-product  in  the  upper  layers  of  mineral,  and  is 
obtained  by  washing  the  latter.  At  the  Stephans  Works  in  Upper 
Hungary,  mercurial  fahlores  are  calcined  in  circular  stalls,  in  heaps 
of  50  tons  upon  a  bed  of  wood  with  a  layer  of  charcoal  above  it. 
The  calcination  lasts  4  weeks.  The^  mercury,  extracted  by  washing 
the  upper  layers  of  ore,  is  purified  by  distillation. 

Shaft  and  reverberatory  furnaces  are  used  both  for  luni})  ore  and 
for  small  ore.  Externally  fired  shaft  furnaces  for  lump  ore  con- 
sist of  an  empty  shaft,  whilst  for  small  ores  the  shaft  is  fitted 
with  inclined  slabs  or  plates.  Formerly  all  of  these  furnaces  used  for 
lump  ore  were  worked  intermittently.  At  present,  at  most  works, 
intermittently  worked  shaft  furnaces  of  this  type,  in  which  small  ores 
properly  agglomerated,  can  also  be  treated,  have  been  replaced  by 
the  much  more  economical  continuous-acting  furnaces.  As  a  rule, 
externally  fired  shaft  furnaces,  Avorking  continuously,  should  be  used 
lor  smalls  that  do  not  form  dust,  on  account  of  the  cheapness  with 
which  they  can  be  worked.  The  ore  slides  down  upon  inclined  slabs 
in  the  interior  of  the  shaft,  Avhilst  the  flame  moves  in  the  op])osite 
direction  from  below  upwards.  Extej'nally  fired  shaft  furnaces 
woidd  be  used  for  lump  ores  if  cheap  uncarbonised  fuels  are  avail- 
able, whilst  pure  carbonised  fuel,  e.g.,  charcoal,  is  dear.  When  cheap 
carbonised  fuels  are  obtainable,  the  shaft  furnace  proper,  in  which 
the  fuel  is  in  direct  contact  with  the  substances  to  be  heated,  would 
bf  })referred  to  the  continuous  working  shaft  furnace  externally  fired, 
on  account  of  the  smaller  formation  of  soot.     Reverberatory  furnaces, 

'   Mitter,   Vor(rn<j  unf  dfin  /ii  r;/)iiatnis/ittj  -.ii  Klnf/fnfurt,  180.1. 
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which  were  frequently  employed,  are  inferior  economically  to  exter- 
nally fired  shaft  furnaces,  as  they  re(|uire  both  more  fuel  and  more 
labour  than  the  latter.  They  are  therefore  only  employed  in  those 
cases  in  which  the  shaft  furnaces  are  not  suitable,  viz.,  in  the  case  of 
small  ore  which  forms  much  dust,  of  certain  varieties  of  soot,  and  of 
lump  ores  that  decrepitate  in  the  shaft  furnace. 

Shaft  furnaces  proper,  in  which  the  ores  are  charged  together 
with  charcoal,  have  been  in  use  for  some  time  (Hahner  furnace),  but 
have  recently  received  important  improvements  (Novak  furnaces), 
and  have,  for  example  at  Idria,  replaced  the  modern  externally  fired 
furnaces  for  lump  ores.  In  their  construction  they  do  not  differ 
<'ssentially  from  the  externally  fired  shaft  furnaces  for  lump  ores,  and 
are  to  be  recommended  on  account  of  the  small  production  of  soot  in 
those  cases  in  which  lump  ores  and  cheap  carbonised  fuels,  such  as 
■charcoal,  are  obtainable.  These  carbonised  fuels  form  no  soot, 
Avhereby  the  formation  of  mercurial  soot  ("  stupp  ")  is  lessened.  Muffle 
furnaces  were  largely  employed  at  one  time,  but  have  now  been 
replaced  at  most  works  by  reverberatory  and  shaft  furnaces.  The 
muffles  were  at  first  made  of  clay,  but  later  iron  has  been  used  with 
advantage.  These  furnaces  present  the  advantage  that  the  mercurial 
vapours  are  not  diluted  b}^  the  products  of  combustion  of  the  fuel,  as 
occurs  in  the  case  of  reverberatory  and  shaft  furnaces,  nor  are  they 
•overheated,  so  that  they  can  be  readily  condensed  and  therefore 
require  less  extensive  condensing  appliances.  The  extraction  of 
mercury  when  the  process  is  jjroperly  carried  out  is  also  somewhat 
higher  in  consequence  of  the  diminished  production  of  soot.  On  the 
other  hand,  these  furnaces  are  liable  to  the  objection  of  higher 
labour  costs  and  of  a  high  consumption  of  fuel,  as  also  to  the  very 
*;erious  objection  that  the  workmen  suffer  more  from  mercury 
vapours  than  in  the  case  of  reverberatory  and  shaft  furnaces.  As, 
therefore,  they  are  at  least  equalled  in  economic  respect  by  the 
modern  furnaces  of  the  latter  type,  even  when  not  surpassed  by 
them,  they  have  disappeared  from  most  works,  and,  on  account  of 
the  above  reasons,  their  use  should  be  discouraged. 

Condensing  Appliances 

These  ought  to  be  manujfactured  of  a  substance  which  does  not  take 
up  mercurial  vapours,  is  a  good  conductor  of  heat,  is  capable  of  being 
moulded  into  the  required  shapes,  and  is  able  to  resist  the  action  of 
acid  vapours  and  liquors,  as  also  of  the  mercury  itself.  No  one  has 
ns  yet,  however,  succeeded  in  discovering  a  material  answering  to  all 
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these-  requirements.  Of  the  substances  used  up  to  the  present  iron 
is  the  easiest  to  mould  and  the  best  conductor  of  heat,  but  does  not 
resist  the  action  of  acid  vapours  for  any  length  of  time.  Brickwork 
absorbs  mercurial  vapours,  is  a  bad  conductor  of  heat,  and  is  attacked 
by  acid  liquors.  Wood  has  sufficient  resisting  properties,  but  is  a 
bad  conductor  of  heat.  Glass  has  not  been  found  applicable  by  itself, 
butoniy  in  combination  with  wood.  The  most  suitable  material  up 
to  the  present  has  been  found  to  be  stoneware.  This  is  capable  of 
resisting  ■  mercury  and  acids,  and  may  be  made  so  thin  that  its  low 
conductivity  for  heat  need  not  be  taken  into  account.  Stoneware  is 
used  in;the  form  of  pipes.  In  addition  to  stoneware,  all  the  above- 
named  substances  are  used,  as  also  are  vessels  of  burnt  and  glazed 
clay. ,  Ii,-on  is  protected  by  a  coating  of  cement  against  the  action  of 
acid  vapours  and  waters.  The  form  which  condensers  assume  is 
either,  .that  of  a  series  of  tubes  or  of  chambers.  Clay  and 
stoneware  are  used  in  the  former  shape,  iron  and  wood  in 
bothj  fopns ;  brickwork  and  glass  in  the  form  of  chambers.  In 
many  cases  condensation  in  tubes  is  combined  with  condensation  in 
cham])ers.  The  diameter  of  the  tubes  and  the  dimensions  of 
the  chambers  must  be  confined  within  definite  limits,  as  tubes  which 
are  too  small  interfere  with  the  draught,  whilst  chambers  which  are 
too  lai-ge  have  but  little  cooling  effect  upon  the  inner  portion  of  the 
current;  ;of  gases  traversing  them.  By  a  suitable  combination  of 
tubes  and  chambers,  or  by  chambers  of  different  material,  as  also  by 
means  of  brick  chambers  cooled  by  cast-iron  boxes,  through  which 
water,  ^circulates,  the  losses  of  mercury  by  imperfect  condensation 
have  recently  been  brought  down  to  a  very  small  amount.  A  good 
draught,  in  the  furnaces  and  condensers,  which  is  quite  indispensable,, 
may  be.  obtained  either  by  means  of  powerful  stacks  heated  by 
separate  fireplaces,  or  else  by  exhausting  machiner}*  of  various  kinds, 
such,  ap  water  blast,  Cagniardelle  blower  or  fans.  The  draught  must 
be  such  that  the  pressure  of  the  current  of  gas  in  the  furnace  and 
condensers  must  be  brought  down  below  the  pressure  of  the  atmo- 
sphere, so  as  to  prevent  the  mercurial  vapours  escaping  from  the 
apparatus.  Recenth-  draught  produced  by  stacks  has  been  replaced 
with  advantage  by  the  suction  of  powerful  fans. 

Mercury  is  transported  in  flasks  of  wrought -iron  closed  by  a  screw 
stopper.  The  weight  of  mercury  in  a  full  bottle  amounts  in  Idria 
and  Almaden  to  7G  lbs.,  in  California  to  7G"5  lbs.  In  the  smaller 
European  works  mercury  is  shipped,  as  was  formerl}-  done  also  at 
Idria,  in  bags  of  sheepskin  containing  55  lbs. 

The, various  distillation  furnaces  and   the   condensing  ap])liances 
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connected  with  them,  the  mode  of  conducting  the  process,  and  the 
economic. results  obtained,  will  now  be  considered  in  detail.  For  the 
sake  of  maintaining  the  proper  sequence  it  is  advisable  to  consider 
first  the  extraction  of  mercury  in  externally  fired  furnaces  ("yZaw- 
mofen "),  shaft  or  reverberatory,  then  in  shaft  furnaces  proper,  and 
finally  in  muffle  furnaces. 

The  Extraction  of  Mercury  in  Eo:tcrnally  Fired  Furnaces 

Externally  fired  furnaces  may  be  divided  into  those  with  a  shaft- 
like laboratory  chamber,  so-called  externally  fired  shaft  furnaces,  and 
reverberatory  furnaces  with  a  horizontally  placed  laboratory  chamber, 
or  true  reverberatory  furnaces.  Externally  fired  shaft  furnaces  are 
generally  used  for  the  extraction  of  mercury,  being  employed  for  lump 
ores  wherever  raw  fuels  are  cheap  and  carbonised  fuels  dear,  and  for 
small  ore  whenever  it  does  not  form  too  much  dust.  Reverberatory 
furnaces  are  used  only  for  those  ores  which  are  not  suitable  for  treat- 
ment in  shaft  furnaces,  either  on  account  of  the  large  amount  of  dust 
in  the  case  of  small  ore,  or  on  account  of  their  ready  decrepitation  in 
the  case  of  lump  ores. 

Extraction  of  Mercury  in  Externally  Fired  Shaft  Furnaces 

These  may  be  divided  into  furnaces  working  intermittently  and 
furnaces  working  continuously.  The  former  kind  are  still  in  use,  but 
are  far  inferior  to  the  latter  as  regards  their  economic  results.  In 
future,  therefore,  continuous  working  furnaces  should  as  a  rule  be 
employed. 

Extraction  of  Mercury  in  Shaft  Furnaces   Worlcing  Intermittently 

These  furnaces  w^ere  formerly  in  use  at  Idria  and  at  the 
Redington  Works  in  California,  but  have  been  given  up  on  account 
of  their  expense.  They  are  still  used  upon  a  large  scale  at  Almaden, 
in  Spain.  At  New  Almaden,  in  California,  they  were  used  for  a  con- 
siderable period,  but  have  now  been  almost  entirely  given  up,  the 
last  furnace  of  this  kind  still  in  existence  there  being  worked  only 
for  a  few  weeks  in  the  year.  These  furnaces  can  only  be  employed 
for  ore  fines,  when  these  are  charged  in  shallow  vessels  known  as 
casettes,  or  when  they  have  been  agglomerated  into  bricks.  The 
furnaces  consist  of  shafts  fired  either  internally  or  laterally.  The 
condensing  plant  consists  either  of  a  series  of  flask-shaped  clay  pipes 
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or  of  brick  chambers.  The  fuel  used  must  bo  uncarbonised,  such  as 
brushwood,  wood  or  coal.  The  draught  is  produced  by  stacks,  or 
better  still  by  fans.  The  whole  amount  of  ore  to  be  treated  is 
charged  at  one  time  into  the  furnace,  and  is  heated  by  firing  up  until 
it  continues  to  burn  by  itself  owing  to  the  heat  developed  by  the 
oxidation  of  the  sulphur  in  the  cinnabar ;  after  the  fire  has  burnt 
out  the  furnace  is  left  for  some  time  to  cool,  when  the  distillati<jn 
I'esidues  are  removed,  and  a  new  charge  introduced. 

Furnaces  Fired  hitcnudhj 

According  to  the  system  of  condensers  connected  with  these 
furnaces,  they  are  distinguished  into  so-called  Bustamente  furnaces, 
the  condensing  appliances  of  which  consist  of  a  series  of  flask- 
shaped  clay  pipes,  known  as  alndcls,  followed  by  chambers,  and  so- 
called  Idrian  furnaces,  the  condensers  of  which  consist  of  a  series  of 
brick  chambers.  The  furnaces  are  20  to  30  feet  in  height,  and 
circular  or  square  in  section,  the  diameter  of  the  former  being 
from  4  feet  3  inches  to  0  feet  G  inches,  and  the  side  of  the  latter  10 
feet.  In  the  interior  of  the  furnace  there  is  a  perforated  arch 
"which  separates  the  fire-space  from  the  distillation  chamber  above 
the  arch.  In  order  to  diminish  the  pressure  of  the  column  of  ore 
upon  the  side  walls  of  the  furnace,  or  in  order  to  be  able  to  place 
trays  with  ore  fines  conveniently  in  the  furnace,  perforated  arches 
have  also  been  introduced  in  the  distillation  chamber  of  the  furnace. 

The  Bustamente  Furnace  or  Almld  Faniace  ^ 

This  furnace  was  designed  in  the  year  1(333  by  a  medical  man, 
Lopez  Saavedra  Barba,  in  Huancavelica  in  Peru,  and  introduced  in 
the  year  1640  into  Almaden,in  Spain,  by  Bustamente,  whose  name  it 
bears.  In  the  latter  place  it  has  maintained  itself  up  to  the  present 
in  spite  of  many  attacks.  There  are  at  Almaden  22  Bustamente 
furnaces,  which  furnish  by  fiir  the  greater  portion  of  the  mercury 
l»r.)duction  of  that  place.  In  the  middte  of  the  eighteenth  century, 
this  furnace  was  introduced  into  Idria  by  Poll.  Here,  however,  the 
aludels  were  soon  replaced  by  brick  chambers,  whereby  the  Busta- 
mente furnace  was  converted  into  an  Idrian  furnace. 

The  construction  of  the  Bustamente  furnace,  together  with  the 

'  Kuss,  Mints  tt  Uxines  tP Almaden:  Annnlis  </,s  Miitfs,  1878;  Eiaf  actuel  dn 
rUsined'' Almaden,  Ann.  des  Min.,  1877;  Kscosura,  Jlistoria  dd  Tratamicnto  Mtf-i- 
Inrijico  dd  Azoijut  iniEsjjuun ,  Miuliid,  1878  ;  (ianJolfi,  Lm  Mints  d  Uitinesd'Almndni, 
R<i'.  Unit',  des  Mines  e(  de  la  Mdfdl.,  18S<>. 
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condensing  appliances  used  at  Almaden,  is  shown  in  Figs.  181  and 
1 82.  A  ]>air  of  these  furnaces  is  united  to  form  a  block.  S  is  the 
cylindrical  shaft,  20  to  20  feet  high,  the  diameter  of  which  for  the 
smaller  furnaces  amounts  to  4  feet  8  inches,  and  for  the  larger  to  6 
feet  6  inches.  Z  is  a  perforated  brick  arch,  beneath  which  lies  the  fire- 
place F;  above  it  is  the  distillation  chamber.  The  upi)er  part  of 
the  furnace  is  closed   by  a  hemispherical  arch,  in  which  there  is  a. 


charging  door,  e.  The  ores  are  first  charged  by  means  of  the 
opening  0,  in  the  side  wall  of  the  furnace,  which  is  bricked  up 
before  the  commencement  of  the  operation,  and  later  on  through  the 
above-named  charging  door  e,  which  is  closed  by  a  cover,  luted  with 
moist  a,shes.  H  is  the  firedoor  through  which  the  air  required  for 
oxidation  also  enters.  J  is  a,  stack  to  carry  off  any  products  of 
combustion  that  do  not  ascend  through  the  furnace ;  the  greater 
part  of  these,  however,  ascend  through  openings  in  the  brick  arch  and 
penetrate,  together  with  an  excess  of  air,  through  the  column  of  ore 
lying  upon  the  arch.     The  products  of  combustion,  together  with  the 
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mercurial  vapours  and  sulphur  acids  evolved  in  the  distillation 
chamber,  pass  through  six  openings,  K,  in  the  upper  portion  of  the 
shaft,  each  of  which  is  12  inches  high  and  4  inches  broad,  into  the 
condensers. 

The  condensing  appliances  consist  of  12  strings  or  rows  of  aludels 
lying  side  by  side,  and  of  two  chambers,  with  each  of  which  six  rows 
of  aludels  communicate.  The  aludels,  one  of  which  is  sho^vn  in  Fig. 
183,  consist  of  flask-shaped  clay  tubes,  glazed  on  the  outside,  16  inches 
to  18  inches  long,  8  to  10  inches  in  diameter  at  the  widest  part,  and  4f 
inches  to  6  inches  in  diameter  at  the  extremities.  The  object  of  the 
flask-like  shape  is  to  diminish  the  velocity  of  the  gaseous  current  and 
thus  to  promote  the  condensation  of  mercury  ;  40  to  45  of  these  aludels 
are  as  shown  in  Fig.  184,  connected  together,  so  ^  to  form  a  con- 
tinuous tube.  In  order  to  prevent  the  escape  of  gaS  at  the  points  of 
union,  they  are  carefully  luted.    The  rows  of  aludels  lie  parallel  to  each 
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other  in  gTooves  in  two  surfaces  sloping  towards  each  other,  so  arranged 
that  the  first  half  of  the  rojv  of  aludels  leads  the  gases  and  vapours 
downwards,  and  the  second%a,lf  conveys  them  upwards.  The  aludels 
that  lie  upon  the  descend&ig  half  have  each  in  the  bottom  bf  their 
widest  portion  an  opening  008  to  O'lG  inch  in  diameter,  through 
which  the  mercury  condensed  in  them  escapes  This  opening  is 
omitted  in  the  aludels  of  the  ascending  half  The  condensed  mercury, 
part  of  which  escapes  from  the  •'■libove-mentioned  holes,  and  part  of 
which  is  emptied  out  from  time  to  time  from  the  aludels  into  the  in- 
clined grooves,  runs  into  the  inclined  channel,  v  (Figs.  181  and  182), 
in  which  it  collects,  and  flows  from  it  into  the  pans,  s,  from  which 
it  escapes  by  means  of  the  iron  pipe,  /,  shown  in  Fig.  185,  into  a 
storehouse;  where  it  is  collected  in  graduated  cast-iron  paixs,  one  of 
which  is  provided  for  each  pair  of  furnaces  in  the  block.  From  the 
row  of  aludels,  the  vapours  and  gases  pass  into  condensing  chambers, 
w  {h  in  Fig.  185),  built  of  brick,  in  which  any  mercury  vapours  not 
yet  condensed  are  to  be  deposited.  A  partition  wall,  g,  is  introduced 
so  as  to  lengthen  the  path  of  the  vapours.  Any  gases  not 
condensed  escape  into  the  stack,  which  is  provided  with  a  damper. 
The  fuel  usled  at  Almaden  Avas  formerly  brushwood,  but  is  now  coal. 
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The  charge  for  the  larger  furnaces  is  13  tons  of  ore,  for  the  smaller 
furnaces  8'7  tons.  Together  with  this  quantity  1"5  tons  of  small  ore, 
moulded  into  bricks,  known  as  holas,  are  charged  in  each  furnace. 


Four  classes  of  ore  are  distinguished  at  Almaden,  Viz.,  metal,  rich  ore  ; 
requiehro,  medium  ore;  china,  poor  ore;  and  vacisco,  small  ore. 
According  to  Escosura,  the  average  consumption  of  these  classes  is 
as  follows :  — 


Metal. 

Requiebro. 

China. 

A"ac 

SCO. 

Cinnabar    

Iron  pyi-ites  .... 
Bituminous  matter . 
Gangue  

1 

291 
2-2 
0-6 

67-5 

-2 

21 '2 
2  0 
10 

74-8 

13-3 

2-0 

10 

82-1 

10-2 
1-9 
1-2 

85-6 

1        '    '  2 

1-2         0-86 

2-1         2-8 

3-4         0-9 

90-2       93-5 

1 

51 
12-3 

4-6   • 
77-5 

2-S 

1-5 

0-7 

93-3 

Total 

99-4 

99-0 

98-4 

98-9 

98-9       98-06 

99-5 

98-3 

Metallic  mercury     . 

25-5 

18-28 

11-47 

8-64 

103       0-75 

4-40 

'   2-41 

Before  the  ore  is  charged,  the  perforated  arch  is  covered  with  a 
layer  2  feet  deep  of  fragments  of  quartz  or  of  poor  lump  ore  (solera, 
pohre),  the  pieces  of  which  are  such  a  size  that  the  flame  from,  the 
fuel  can  penetrate  through  them  readily.  Upon  it  ores  of  medium 
quality  (requiehro)  are  charged,  and  upon  this  the  poorer  ores  (.cJiina.), 
which  two  kinds  together  amount  to  two-thirds  of  the  total  charge. 
Rich  ore  (metal)  follows,  upon  which  fragments  of  old  aludels  and 
blocks  of  fine  ore  (vacisco)  and  residues  from  soot  treatment  are 
placed;  three  men  are  occupied  in  charging,  which  takes  li  ;to  2 
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hoiir.s.     As  soon  as  the  whole  charge  has  been  introduced  into  the 
furnace,  the  two  charging  doors  are  closed,  and  the  fuel  in  the  firing 
chamber  is  ignited.     Formerly,  brushwood  was  used  as  fuel,  but  now 
coal  is  employed,  which  is  burnt  upon  a  grate.     After  4  to  5  hours 
the  first  mercury  shows  in  the  front  aludels.     After  firing  from  10  t(^ 
12  hours,  the  column  of  ore  has  been  heated  sufficiently  to  be  ablt- 
to  sup])Iy  the  heat  recpiired  for  the  continuance  of  the  process  by 
the  combustion  of  the  sulphur  in  the  cinnabar;  firing  is  therefore  dis- 
continued.    The  air  which  serves  to  oxidise  the  sulphur  is  heated  by 
its  passage  through  the  perforations  of  the  arch  and  of  the  barren  ore 
lying  upon  it  to  a  temperature  of  200 '  to  800°  C.     The  ores  burn  for 
43  or  44  hours,  during  which  time  mercury  distils  uninterruptedly. 
After  the  end  of  this  second  stage  (bras"),  the  residues  in  the  furnace 
are  allowed  to  cool  for  some  18  hours,  to  promote  which  the  doors 
of  the  fireplaces  and  the  charging  doors  are  opened.     At  the  end  ot" 
this  time  the  distillation  residues  are  draAvn  from  the  furnace,  which 
occupies  some  2  hours,  after  which  the  furnace  is  re-charged.     Each 
campaign  lasts  upon  the  whole  some  3  days  of  24  hours ;  of  this 
time,   10   hours  are   occupied  in   firing,  44  in  the   distillation,  and 
18  in   the  cooling.     Formerly  a  charge  consumed  from   2'2  to  2  5 
tons  of  fuel.     Nowadays,  owing  to  the  employment  of  coal,  a  large 
furnace,  taking  a  charge  of  13  tons  of  lumj)  ore  and  1"5  tons  of  ore 
fines,  requires  18  cwts.  of  coals,  whilst  a  small  furnace,  taking  9  tons 
of  lump  ore  and   Ih  tons  of  fines,  requires   14  cwts.  of  coal.     As 
regards   the    temperature    in    the    condeiisers,  it    has    been    founds 
according  to  Kuss,  that  the  highest  temperature  in  the  first  aludels 
is  from  245°  to  200°  C,  which  is  attained  after  40  hours.     In  the 
tenth  aludel  from  the  furnace  it  reaches  105°  C.  at  the  end  of  48 
hours ;  in  the  midmost  aludel  of  the  row  it  amounts  to  50"  at  the 
end  of  52  hours;  whilst  in  the  last  aludel  of  each  row  it  rises  to 
29°  at  the  end  of  52  hours.     The  aludels  which  lie  on  the  slope  next 
to  the  furnace  are  cleaned  out  every  month,  those  on  the;  other  slope 
every  two  months,  to  remove   the   mercury  and   soot  contained  in 
them.     For  this  purpose  the  luting  is  removed  and  the  aludels  are 
held   one   by  one  vertically  over  the   inclined   gutters  of  the  slope 
u])on  which  the  aludels  lie,  in  order  that  the  mercury  contained  in 
them  may  run  into  these  gutters.     The  soot  is  then  removed  from 
them  by  means  of  brushes.     It  is  collected  in  heaps,  and  treated  in 
the  manner  to  be  described  later  on.     Thi-  residues  resulting  from 
its  treatment  are  moulded  into  blocks,  together  with  ore  fines,  and 
treated  in  the  furnace  just  described.     ()))inions  vaiy  as  to  the  loss  of 
mercury,  which  is  given  as  between  4'41  anil  25  per  cent.    According 
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to  L.  (Ic  la  Escosura/  Langer''  calculates  that  the  loss  of  quicksilver, 
when  modern  methods  of  assay  are  employed,  averages  20  per  cent. 
As  already  stated,  the  aludel  furnace  is  in  use  nowhere  else.  It 
requires  no  proof  that  the  intermittent  process  carried  on  in  it  is 
inferior  to  a  continuous  one.  On  the  other  hand,  the  condensing 
arrangement  of  rows  of  aludels  followed  by  chambers,  represents 
a  j)rinciple  which  has  been  quite  recently  acknowledged  as  the 
correct  one,  although  in  modified  form.  The  newest  and  best  con- 
densers have  been  arranged  on  this  system  in  Idria,  and  consist  of  a 
series  of  stoneware  pipes  followed  by  wooden  chambers. 

The  Idrian  Furnace 

This  furnace  is  distinguished  from  the  Bustamente  furnace  only 
by  the  construction  of  the  condenser,  which  consists  here  not  of 
aludels  but  of  chambers  lined  with  cement,  six  or  eight  of  which  are 
built  on  either  side  of  the  furnace.  The  gases  and  vapours,  therefore, 
escape  at  both  sides  of  the  shaft.  The  Idrian  furnace  was  designed 
in  1787  by  von  Leithner  at  Idria,  and  has  been  in  use  there,  with 
various  modifications,  up  to  the  year  1870.  It  was  introduced  in 
the  year  1800  by  Larranaga  into  Almaden,  and  is  still  in  use  there, 
side  by  side  with  the  Bustamente  furnace.  The  original  furnaces 
were  rebuilt  at  Idria  in  1825,  either  a  pair  or  a  single  one  forming 
a  furnace  block.^  The  double  furnaces  were  called  Franz  furnaces  ; 
and  quadruple  furnaces,  containing  four  in  one  block,  Leopoldi  fur- 
naces. The  construction  of  the  modern  Leopoldi  furnaces  at  Idria 
is  shown  in  Figs.  186  and  187,  in  which  the  condensing  chambers  on 
one  side  of  the  furnace  only  are  shown.  The  furnace  is  square  in 
plan,  10  feet  in  the  side,  and  is  furnished  with  two  perforated  brick 
arches.  Upon  the  lower  one,  «,  lump  ores  are  placed,  whilst  the 
upper  one  serves  to  carry  the  clay  or  cast-iron  pans  in  which  the 
fine  ore  is  charged.  At  one  time,  furnaces  with  three  perforated 
arches  in  the  shaft  were  employed.  The  fireplace  is  under  the 
bottom  brick  arch,  and  is  provided  with  a  firegrate  c,  w  being  air- 
flues  ;  h  are  manholes  for  cleaning  out  the  chambers ;  x  are  the 
escape  flues,  of  which  there  are  six  on  either  side  of  the  furnace  ; 
the  bottom  of  the  condensing  chambers,  d,  slopes  towards  one  side, 
in  order  to  allow  the  condensed  mercury  to  flow  off  into  a  gutter 
running  along  one  side  of  the  chambers,  which  conveys  it  into  the 
magazine.     From  the  last  chamber  the  gas  passes  through  the  flues 

^  Oj).  fit. ,  p.  448 ;  Kuss,  op.  cit. 

-  Beschreibung  des  Quecksilberhergicerkes  Almaden.    Berg.  n.  Hiltt.  Jahrb.  d.  Berg. 
Akad.,  1879.  ^  Mitter,  loc.  cit. 
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y  and  z  to  the  stack.  The  construction  of  the  older  form  of  double 
furnace  with  three  arches  is  shown  in  Figs.  188  to  190,  of  which  Fig. 
190  shows  the  shaft  on  a  somewhat  larger  scale  than  that  of  the  other 
two  figures.  The  lump  ores  are  charged  upon  the  bottom  arch  o:,  x ; 
upon  the  middle  one,  y,  y,  ore  of  medium  size  is  charged ;  and  upon 
the  top  arch  z,  z,  the  pans  with  ore  fines ;  v-  are  the  outlet  flues,  of 
which  there  are  six  on  either  side  of  the  furnace,  and   T  the  con- 
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densing  chambers  connected  with  them.  From  the  last  and  highest 
condensing  chamber,  %,  the  gases  pass  into  the  flue,  K,  leading  to  the 
stack.  On  either  long  side  of  the  system  of  chambers  there  are 
gutters  r,  which  collect  the  mercury  from  each  chamber,  (the  bottom  of 
which  slopes  towards  the  gutter),  and  ^^•hich  lead  it  to  the  magazine. 
V  and  W  are  archways  through  which  the  air  passes  into  the  shaft  or 
to  the  fuel.   At  one  time  onlv  ore  fines  were  treated  in  these  furnaces, 
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arid  were  charged  in  pans,  of  which  the  furnace  contained  1,800,  with 
44  lbs.  of  ore  in  each.  This  furnace  was  first  fired  for  10  to  12  hours, 
then  it  was  left  to  itself  for  5  or  G  days,  after  which  the  distillation 
residues  were  removed.  The  charge  of  ore  per  furnace  amounted  to 
49  to  58  tons ;  the  output  of  mercury  was  2'36  per  cent.,  when  ores 


containing  3-26  per  cent,  were  treated.  This  output  was  smaller  than 
in  the  case  of  the  aludel  furnace,  but,  on  the  other  hand,  the  work- 
ing expenses  were  also  less.  At  present  there  are  two  Idrian  furnaces 
in  use  at  Almaden.  Each  of  them  is  25  feet  high,  and  is  circular  in 
plan,  with  a  diameter  of  10  feet.  As  in  the  case  of  the  Aludel 
furnace,  there  is  here  only  one  single  brick  arch  with  perforations. 
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There  are  five  openings  on  cither  side  in  the  upper  part  of  the  shaft, 
through  which  the  gases  and  vapours  escape  into  the  condensing 
chambers,  of  Avhich  there  are  six  on  either  side.  As  in  the  furnace 
at  Idria,  the  last  chamber  is  higher  than  the  others,  and  acts  as  a 
stack.  The  other  details  of  the  chambers,  the  sides  and  floor  of 
which  are  coated  with  Portland  cement,  are  similar  to  those  at  Idria. 
The  charge  of  these  furnaces  is  twice  that  of  the  Bustamente 
furnace,  viz.,  27*2  to  28-5  tons  of  ore.  The  labour  employed  for 
charging  the  furnace  is  the  same  as  for  the  Bustamente  furnace ;  it 
occupies  one  day.  The  furnace  is  then  fired  for  a  day,  the  heat 
necessary  for  distillation  being  maintained  during  the  two  following 
days  by  the  sulphur  contained  in  the  ore.  The  period  of  cooling, 
which  lasts  for  a  day,  now  follows,  and  another  day  is  occupied  in 
Avithdrawing  the  residues  after  distillation  and  the  ashes  of  the  fuel. 
Including  charging  and  clearing,  six  days  are  therefore  required  for 
distillation.  The  consumption  of  wood  for  each  distillation  amounts 
to  4"2  to  4*5  tons.  The  soot  is  freed  by  rubbing  in  the  condensing 
chambers  from  the  greater  part  of  the  quicksilver  contained  in  it- 
The  residues  thus  obtained  are  agglomerated,  together  with  ore 
fines,  into  lumps,  and  treated  in  the  distillation  furnace.  According 
to  experiments  executed  at  Almaden,  the  losses  of  mercury  in  this 
furnace  are  higher  than  in  the  Bustamente  furnace,  the  ratio  being 
given  as  6'2  in  the  former  to  4'41  in  the  latter.  These  results 
have,  however,  been  obtained  by  the  old  method  of  ore  assaying  in 
retorts  \\dth  the  addition  of  lime,  and  can,  therefore,  not  be  taken  as 
reliable.  On  the  other  hand,  it  is  perfectly  clear  that  the  working  of 
the  Idrian  furnace  is  cheaper  than  that  of  the  Bustamente  furnace.^ 
In  Idria,  where  the  furnaces  had  done  better  work  than  the  Busta- 
mente furnace,  especially  for  ores  poorer  in  mercury  than  those  of 
Almaden,  carrying  3  to  4  per  cent,  of  mercury  as  against  7  to  10  at 
Almaden,  this  furnace  has  been  thrown  out  of  use  since  1870,  and 
has  been  replaced  by  continuous  working  furnaces  and  modern  shaft 
furnaces. 

Externally  Fired  Furjiaces  ' 

Furnaces  of  this  type  were  formerly  in  use  upon  a  large  scale  at 
the  Redington  works,  near  Knoxville,  and  the  New  Almaden  works, 
both  in  California,  but  have  been  replaced  by  modern  furnaces.-  The 
last  furnace  of  this  kind  was  in  partial  use  in  New  Almaden  in  the 
year  1889,  but  has  probably  disappeared  by  this  time.    In  this  furnace 

^  Langei",  lor.  cit. 

-  Egleston,  Mttallur(jij  of  Silver,  Gold,  and  Mercury,  vol.  ii.,  p.  814. 
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the  fireplace  was  built  out  on  one  side  of  the  shaft,  this  side  being 
formed  by  a  curved  perforated  wall,  through  which  the  products  of 
combustion  could  enter  the  shaft,  after  Avhich  they  passed  through 
horizontal  channels  left  in  the  column  of  ore,  towards  the  opposite 
side,  through  which  they  were  discharged  into  condensing  chambers. 
The  latter  were  similar  to  those  used  in  the  Idrian  furnaces;  they  were, 
however,  confined  to  one  side  of  the  furnace,  and  were  present  in 
larger  numbers  (from  18  to  22),  terminating  in  a  brick  tower,  which 
was  again  connected  by  means  of  a  flue  with  a  Guibal  fan.  Lump 
ore,  as  well  as  ore  fines  moulded  into  blocks,  were  treated  in  this 
furnace.      Its  construction  is  shown  in  Figs.  191  to  193 ;    o  is  the 
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shaft  furnace  proper,  ^j  and  ^  are  brick  walls  perforated  to  their  full 
height  for  the  passage  of  the  flames.  They  are  arched  in  plan  so  as 
to  better  resist  the  lateral  pressure  of  the  column  of  ore.  The  fire- 
grate is  in  a  chamber  behind  the  side  wall  p,  through  openings  in 
which  the  flames  penetrate  into  the  shaft,  and,  mixed  with  the 
vapours  of  sulphur  dioxide  and  mercury,  pass  through  openings  in 
the  wall  2,  into  the  condensing  appliances.  The  passage  of  the  gases 
through  the  column  of  ore  is  facilitated  by  means  of  channels  left  in 
them,  corresponding  to  the  openings  in  the  walls  of  the  furnace.  When 
lump  ore  was  treated,  these  channels  were  produced  by  a  suitable 
arrangement  of  the  lumps  of  ore.  When  both  lump  ore  and  blocks  of  ore 
fines  {adobes),  or  ore  fine  blocks  alone  were  being  treated,  the  channels 
were  constructed  of  these  blocks.  In  the  upper  part  of  the  ore  column 
these  channels  were  of  a  smaller  section  than  in  the  lower  j)art,  in 
order  to  cause  the  flames  to  travel  as  nearly  horizontally  as  possible 
through  the  furnace.      The  ores  are  let  down  in  baskets  through 
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the  furnace  mouth.  The  residues  remaining  after  the  mercury 
has  been  distilled  off  are  removed  through  the  apertures  z,z.  The 
top  of  the  ore  column  is  sealed  by  a  cover  of  old  iron,  straw  and 
clay.  In  the  first  condensing  chamber  there  are  two  smaller  chambers 
for  drying  the  ores ;  they  are  open  at  their  upper  ends,  and  provided 
with  two  apertures  each  at  their  lower  ends  for  drawing  out  the 
dried  ores.  The  furnace  is  18  feet  high,  9  feet  broad  and  12  feet  long. 
The  opening  through  which  gases  and  vapours  pass  into  the  first 
condensing  chamber  is  7  feet  high.  The  charge  amounts  to  90  to 
iOO  tons,  the  older  furnace  taking  charges  of  50  to  70  tons  only. 
Charging  takes  a  day,  and  requires  the  labour  of  eight  men.  After 
the  furnace  is  properly  closed  up,  firing  is  continued  for  4^  days. 
The  mercury  commences  to  condense  at  the  end  of  14  or  16  hours, 
and  has  finished  after  4|  days.  The  furnace  is  then  allowed  to  cool 
for  3  J  days,  during  which  time  the  doors  of  the  fireplace  are  opened. 
After  this  time,  the  cover  is  removed  and  the  distillation  residues 
drawn  out  through  the  openings  pro^'ided  for  that  purpose.  One  man 
per  shift  is  required  to  look  after  the  fire.  The  cleaning  out  of  the 
furnace  takes  a  daj'  and  requires  four  men.  Three  charges  can  be 
worked  per  month.  Eighteen  cords  of  wood  are  required  for  100  tons 
of  ore.  Upon  the  average,  each  ton  of  ore  yielded  1,873  flasks  of 
mercury.  These  furnaces  have  been  replaced  in  California  by  con- 
tinuous working  furnaces,  which  work  much  more  cheaply  and  do  not 
require  the  ore  fines  to  be  moulded  into  bricks. 

The  Extraction  of  Mercury  in  Shaft  Furmiccs  Fired  Continuously 

To  this  class  of  furnace  belong  the  furnaces  of  Exeli,  of  Langer, 
of  Knox,  of  Hiittner  and  Scott,  of  Li  verm  ore  and  of  Czermak.  The 
furnaces  of  Exeli  and  Langer  are  suitable  for  the  treatment  of  lump 
ores.  The  furnaces  of  Hiittner  and  Scott,  namely,  the  Granzita 
furnace  and  the  TieiTa  furnace,  as  also  the  Czermak  ftirnace  and  the 
Livermore  furnace,  are  suitable  for  the  treatment  of  ore  fines.  The 
Knox  furnace  can  treat  both  lump  ores  and  a  mixture  of  lump  ores 
and  ore  fines,  provided  that  the  latter  do  not  exceed  a  definite 
proportion  of  the  whole.  Both  the  furnaces  of  Exeli  and  Langer 
have  given  good  results  with  lump  ore.  That  of  Knox,  which  was 
favoured  for  a  long  time  in  California,  is  now  only  used  at  one  works. 
All  the  furnaces  which  have  been  mentioned  as  suitable  for  ore  fines, 
of  which  the  Hiittner  and  Scott  and  Livermore  furnaces  were 
invented  in  California,  are  at  present  in  use  at  various  works  and 
give  satisfactory  results. 
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Furnaces  for  Lump  Ores 

Exeli  Furnace  ^ 

This  furnace  was  built  at  Idria  in  1872  by  Exeli.  It  consists  of  a 
shaft  furnace,  surrounded  with  three  external  fireplaces,  and  cased  in 
wrought-iron  to  prevent  loss  of  mercury ;  there  is  also  an  iron  plate 
underneath  the  bottom  of  the  furnace.  The  construction  of  the 
furnace  is  shown  in  Figs.  194  and  195  ;  S  is  the  furnace  shaft  with 
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the  three  fireplaces  a,  and  three  openings  underneath  them,  6,  for  the 
removal  of  the  distillation  residues.  The  residues  drawn  through 
these  openings  are  cooled  in  the  chamber  c,  which  serves  at  the  same 
time  as  an  ashpit,  wherein  they  may  give  up  their  heat  to  the  air 
entering  under  the  grate.  In  order  to  remove  the  distillation  residues 
from  the  furnace,  the  necessary  tools  can  be  introduced  through  the 
duors  d,  into  the  openings  &.     The  charging  apparatus  consists  of  a 

^  Dan  K.  K.  Queckdlberberijwerk  Idrla  in  Krain,  Wien,  1881. 
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cup  and  cone  with  water  seal.  The  vapours  escape  through  the  pipe 
e,  into  condensers.  The  grates  are  arranged  for  wood  firing.  The 
shaft  is  13  feet  high,  6  feet  3  inches  in  diameter  in  the  upper  part, 
and  4  feet  3  inches  in  the  lower  part.  The  grates  are  each  34  inches 
long  and  12|  inches  "\Wde. 

The  condensing  an-angement  consists  of  cast-iron  Y-shaped  pipes 

19  inches  in  diameter,  followed  by  condensing  chambers,  the  arrange- 
ment of  which  is  shown  in  Figs.  196  and  197,  in  which  g  are  the 
pipes,  three  rows  of  which  lie  side  by  side.  They  terminate  below  in 
short  vertical  branches,  which  are  open  and  dip  into  boxes  h,  19 
inches  wide,  filled  Avith  water.  In  these  the  condensed  mercury 
collects  and  flows  off  into  an  iron  vessel,  which  is  kept  locked.  The 
tubes  are  cleaned  from  soot  by  means  of  discs  attached  to  rods, 
introduced  through  the  upper  portion  of  the  tubes,  by  means  of 
which  the  soot  adhering  to  the  insides  of  the  tubes  is  pushed  down 
into  the  boxes  h.  This  furnace  treated  ores  that  would  not  pass 
through  a  sieve  of  0"8  inch  mesh,  and  which  contained  from  0*2  to 
0"8  per  cent,  of  mercury.  In  24  hours  14'2  tons  of  ore  were  treated 
with  a  consumption  of  102  cubic  feet  of  cord  wood.  The  distillation 
residues  contained  0"002  per  cent,  of  mercury,  the  total  loss  of  metal 
amounting  to  8'9  per  cent. 

By  building  up  the  fire  spaces,  these  furnaces  were  afterwards 
converted  at  Idria  into  true  shaft  furnaces,  in  which  the  fuel — charcoal 
— was  introduced  together  with  the  ores  into  the  shaft.  The  Exeli 
condenser  was  open  to  the  objection  that  in  consequence  of  the  in- 
clined position  of  the  cast-iron  pipes  the  acid  water  that  condensed  in 
them  ran  down  into  the  lower  portion  and  rapidly  destroyed  this  part. 
Czermak  therefore  employed,  instead  of  the  inclined  pipes,  vertical 
pipes  lined  inside  with  cement,  the  lower  portions  of  which  terminated 
in  n-on  boxes,  which  were  also  protected  by  a  layer  of  cement.  This 
condenser  has  been  replaced  by  the  modern  Czermak  condenser, 
which  effectively  employs  the  principle  of  surface  condensation  by 
subdividing  the  mercurial  vapours  among  several  rows  of  narrow  flat 
stoneware  pipes.  At  present,  therefore,  as  fast  as  the  iron  pipes 
become  destroyed  they  are  replaced  at  Idria  by  pipes  of  glazed 
stoneware. 

There  are  two  Exeli  furnaces  at  work  in  New  Almaden,  which 
were  built  in  the  years  1874  and  1875.  The  construction  of  the  first 
built  furnace  is  shown  in  Figs.  198  and  199.    The  shafts  is  altogether 

20  feet  high  in  the  clear ;  the  diameter  in  its  uppermost  widest  part 
amounts  to  11  feet  6   inches,  narrowing  down  to  5  feet  6  inches  ; 

'  Egleston,  loc.  cit. 
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whilst   in    the    bottom    portion,  8    feet  in  height,   it    narrows   still 

i 


further  down  to  4  feet.     The  shell  consists  of  wroiight-iron,  i  inch 
thick.     It  encloses  first  of  all  a  shaft  of  common  brick,  and  then 
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an  inner  lining  shaft  proper  of  fire-brick  separated  from  the  former 
by  a  small  interspace.  The  lower  portion  of  the  furnace,  in  which  the 
fire-places  and  discharging  doors  are  situated,  is  supported  on  cast-iron 
plates.     The  furnace  stands  upon  a  plate  of  cast-iron  forming  a  very 

flat  cone,  so  that  any  mercury  collecting  in  it 
runs  into  a  vessel  placed  under  the  apex  of 
the  cone.  The  furnace  top  is  closed  by  an 
annular  plate  of  cast-ii'on,  all  except  the 
throat,  Avhich  is  fitted  with  a  charging  appa- 
ratus similar  to  that  already  described. 
When  the  furnace  is  charged,  a  height  of 
3  feet  is  left  empty  in  the  upper  part.  In 
this  the  vapours  evolved  during  distillation 
collect,  and  escape  through  cast-iron  pipes 
1  foot  in  diameter,  of  which  there  were  6  in  the  earlier  furnace, 
but  only  3  in  the  later  one,  into  a  main  21  inches  in  diameter 
inclined  at  an  angle  of  10°,  through  which  they  pass  into  the 
condensing   chambers.      All   these  tubes   are   fitted   with   cleaning 


Fig.  197. 


Fig.  108. 


discs,  in  order  to  be  able  to  remove  the  soot.  So  as  to  be  able  to 
observe  the  progress  of  the  distillation,  there  are  12  peep-holes,  a, 
arranged  at  four  different  heights.  The  condensing  appliances 
consisted   formerly   of  brick    chambers,   a   Fiedler   condenser,    and 
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Fiedler-Randol  glass  and  wood  condensers.  The  brick  chambers,  of 
which  there  were  2  to  each  furnace,  were  28  feet  high,  28  feet  long, 
and  18  feet  broad.  Each  of  these  were  divided  into  two  halves  by 
means  of  a  partition.  From  these  chambers  the  gases  passed  into 
a  Fiedler  condenser,  the  construction  of  which  is  shown  in  Figs.  200 
and  201,  and  which  consisted  of  rectangular  boxes  of  cast-iron,  10  feet 
6  inches  long,  and  5  feet  6  inches  high  and  broad,  the  cover  of  which 
is  shaped  like  a  flat  roof  It  was  divided  into  4  divisions  Z,  by  means 
of  3  hollow  iron  walls,  W,  in  which  water  circulated,  each  division 
having  an  inclined  bottom.  The  first  and  last  of  these  iron  walls 
were  open  above.  Through  the  pipe  J?,  the  water  entered  the  hollow 
walls,  which  communicated  with  each  other  by  means  of  a  small  pipe 
X,  and  after  flowing  through  these  it  escaped  through  the   opening  t. 


Fig.    200. 


Fig.  201. 


The  pipe  R  also  served  to  cool  the  iron  roof  and  side  walls  of  the 
boxes.  The  gases  entered  the  boxes  through  the  pipe  M,  traversed 
the  divisions,  and  escaped  at  B,  the  products  of  condensation  escaping 
through  the  pipe  5.  According  to  Egleston,  this  arrangement  was 
done  away  with,  in  spite  of  the  good  results  obtained  from  it,  because 
it  interfered  with  the  draught  of  the  gases  and  vapours,  and  because 
the  iron  of  which  it  was  made  was  strongly  attacked  by  the 
condensed  vapours. 

The  older  condensers  of  glass  and  wood  into  which  the  gases 
passed  from  the  Fiedler  condenser  are  shown  in  Figs.  202  to  204. 
They  consisted  of  rectangular  wooden  boxes,  in  the  walls  of  which  a 
large  number  of  sheets  of  glass  are  inserted,  but  not  puttied  in. 
These  boxes  were  divided  into  four  divisions  by  means  of  partitions,  so 
that  the  gases  had  to  traverse  them,  entering  at  A  and  escaping  at 
B.  The  bottom  was  inclined  towards  the  two  longer  sides,  in  order  to 
allow  the  condensed  products  to  run  off  readily.     These  condensers, 
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too,  have  been  discontinued  for  the  Exeli  furnace,  but  have  been 
retained  for  the  furnaces  which  are  treating  ore  fines. 

At  present  the  condensing  plant  consists  of  brick  chambers  and 
of  cooled  iron  pipes.  From  the  above-mentioned  brick  chambers  the 
gases  enter  two  systems  of  cooled  iron  pipes,  and  then  again  a  series 
of  brick  chambers.  From  the  last  chamber  they  are  conducted  by  a 
wooden  box  into  a  tower,  and  then  through  another  Avooden  flue  into 


Fig.  202. 
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Fig.  205. 
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a  main  flue  common  to  a  number  of  furnaces,  through  which  they 
are  drawn  by  a  Guibal  fan.  The  construction  of  the  very  effective 
iron  pipe  condensers  is  shown  in  Fig.  205.^  From  the  brick 
chambers  connected  with  these  condensers,  the  gases  and  vapours 
escape  through  three  pipes  made  of  wrought  iron  0'18  inch 
thick,  inclined  at  an  angle  of  about  20°.  They  are  22  inches  in 
diameter  and  19  feet  long.  From  these  they  pass  into  three 
corresponding  systems  of  tubes,  which  have  the  shape  shown  in  the 

^  Eglest/on,  o;j.  cif. 
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figure,  and  which  are  contained  in  a  wooden  box  10  feet  long,  10  feet 
deep,  and  6  feet  9  inches  broad.  These  pipes  are  made  of  cast-iron, 
and  are  surrounded  by  water,  which  enters  the  lower  part  of  the  box 
and  escapes  heated  from  the  upper  part.  The  pipes  are  22  inches  in 
diameter  and  0'75  inch  thick.  The  inclined  pipe  lying  in  the  bottom 
of  the  box  serves  to  collect  the  products  of  condensation.  From  the 
lower  end  thereof  these  products,  namely  mercury  and  soot,  can  be  run 
off  by  means  of  a  smaller  pipe.  They  run  first  on  to  a  plate  ^j  covered 
with  indiarubber,  upon  which  the  soot  is  retained,  and  thence  enter  a 
vessel  in  which  the  mercury  is  collected,  whilst  the  acid  water  runs 
out  over  its  edge.  The  vertical,  as  well  as  the  inclined,  pipes 
terminate  in  blind  flanges,  which  can  be  removed  in  order  to  clear 


Section  atOL-S). 


out  the  soot.  From  the  last  vertical  pipe,  gas  and  vapour  enter 
a  brick  chamber  provided  with  movable  partitions,  and  traverse  it  in 
the  direction  described  above.  By  moving  the  partitions,  which 
resemble  dampers,  the  rate  of  the  gas  current  can  be  regulated.  The 
wooden  flues  through  which  the  gases  are  conveyed  to  the  fan  are 
•shown  in  Figs.  206  and  207.  They  are  built  of  two  layers  of  curved 
planks,  between  which  there  is  a  coating  of  asphalt.  Their  inner 
surfaces  are  coated  with  a  mixture  of  asphalt  and  coal-tar,  and  they 
are  coated  externally  with  asphalt.  At  every  6  feet  they  are 
supported  by  a  wooden  frame.  The  Guibal  fan,  which  provides  the 
draft  for  five  furnaces,  has  an  iron  frame,  the  vanes  being  of  wood. 
Its  diameter  is  9  feet,  its  width  28  inches.  Those  parts  of  the  fan  that 
are  made  of  wrought  iron  have  to  be  renewed  every  two  years.  In 
working  the  furnace,  it  is  first  charged  with  ore  containing  from 
5  to  8  per  cent,  of  quicksilver,  and  sometimes  as  much  as  10  per 
cent.  The  ores  are  mixed  with  1^  per  cent,  of  charcoal.  The  fuel 
burnt  on  the  grates  is  fir  wood  or  oak.     When  the  furnace  is  in 
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regular  operation,  it  is  charged  and  drawn  every  two  hours ;  every 
charge  remains  .about  2|-  days  in  the  furnace.  A  pair  of  furnaces 
are  worked  by  two  men  on  the  shift,  10  tons  of  ore  {granza)  being 
treated  in  24  hours,  the  furnace  being  capable  of  putting  through  a 
larger  quantity  of  poorer  ores.  The  consumption  of  fuel  amounts  to  85 
cubic  feet  of  cord  wood  per  24  hours.  According  to  Egleston,  in  the 
year  1888,  one  of  the  two  furnaces  at  New  Almaden  was  in  operation 
for  345  daj's,  and  treated  3,185  tons  of  granza  ores.  The  product 
was  7,062  flasks,  each  containing  76 '5  lbs.  of  mercury,  or  a  production 
of  8*48  per  cent.  A  second  furnace  was  only  in  operation  157  days, 
and  treated  1,486  tons  of  ore,  producing  3,050  flasks  of  mercury,  or 
an  output  of  7 '84  per  cent. 

The  Langer  Furnace 

This  furnace  was  designed  in  1878  by  Langer  in  Idria,  and  is  a 
modified  Exeli  furnace  with  an  iron  shell.  It  differs  from  the  latter 
chiefly  in  being  oval  in  horizontal  section  and  in  not  standing  by 
itself,  four  furnaces,  built  side  by  side,  being  enclosed  in  one  common 
shell.  The  construction  of  such  a  block  of  four  furnaces,  together 
with  the  condensing  arrangement,  is  shown  in  Figs.  208  to  210 ;  B 
are  the  furnaces  standing  upon  an  iron  plate  surrounded  by  a  shell  of 
iron.  The  shafts  for  a  distance  of  14  feet  from  the  throat  have  a  cross 
section  of  7  feet  6  inches  by  5  feet  9  inches,  and  contract  from  this  to 
the  bottom  of  the  furnace,  a  height  of  9  feet,  to  a  cross  section  of  5  feet 
9  inches  by  3  feet  8  inches.  On  either  side  of  the  furnace  there  are  two 
step  grates,  making  altogether  four  fireplaces  c.  Beneath  each  of  these 
are  the  four  openings  a,  h,  through  which  the  distillation  residues 
can  be  drawn  out.  Charging  is  effected  by  lifting  the  cone  D  by 
means  of  the  rod  d,  in  the  casing  G.  The  upper  end  of  the  latter  is 
closed  by  means  of  a  cover  n,  provided  with  a  water  seal,  the  cover 
being  made  of  wood  and  balanced  by  means  of  the  counterpoise  ^;, 
The  gases  and  vapours  escape  through  the  upper  part  of  the  furnace 
into  cast-iron  tubes  E,  18|  inches  in  diameter  in  the  clear,  there 
being  three  of  these  tubes  to  each  furnace,  which  are  provided  on  either 
side  with  two  oval  openings,  through  which  the  gases  and  vapours  enter 
the  tubes.  These  tubes  communicate  with  the  condensing  tubes  proper, 
which  are  also  made  of  cast-iron.  There  are  three  rows  of  these  tubes 
for  each  furnace,  surrounded  by  the  cooling  box  K,  in  which  a 
constant  current  of  cold  water  circulates  to  promote  condensation  in 
the  same  way  as  has  been  explained  on  page  285.  The  cold  water 
enters  through  the   tube  h,  at  the  bottom  of  the  box,  the   heated 
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water  running  out  at  the  upper  part  through  the  tube  i  and  the 
gutter  /,:,  and  thence  into  the  sump  m.  The  products  of  condensa- 
tion collect  in  the  box  G,  from  which  the  mercury,  with  a  portion  of 


soot,  is  run  off  into  the  reservoir  E.  The  acid  waters  are  run  out>f 
the  'soot  collector  Cf,  alternately  into  two  soot  tanks  /,  and  after 
settlement  are  run  off  through  the  gutter  Jc  into  the  sump  m.  The 
gases  and  uncondensed  vapours  pass  into  the^condensing  chambers 
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P,  Avhich  are  built  of  brickwork  pointed  with  cement.  The  walls  are 
covered  first  with  asphalte,  then  with  a  layer  of  cement,  and  finally 
Avith  smoothly  planed  wood.  The  bottom  of  the  chamber  consists 
of  a  layer  of  concrete  3  inches  thick,  upon  which  there  is  a  thick 


'&  S  i® 


asphalte  pavement.  The  cover  of  the  chamber  consists  of  the 
dished-out  cast-iron  plates  0,  which  are  bolted  together,  the  joints 
being  made  with  rubber.  This  cover  is  cooled  by  means  of  a  stream 
of  water  conducted  over  it.     The  chamber  is  divided  by  wooden  par- 


MERCURY 


289 


titions  into  four  divisions  corresponding  to  the  four  furnaces.  Each  of 
these  divisions  is  divided  by  a  horizontal  partition  into  an  upper 
chamber  F  and  a  lower  one  F' ;  from  these  chambers  the  gases  pass 
through  the  flues  8  into  a  subterranean  system  of  chambers,  thence 
into  a  series  of  central  chambers  common  to  the  whole  furnace,  and 
finally  pass  to  the  stack  or  fan.  One  of  these  furnaces  used  to  put 
through  in  24  hours  15"9  tons  of  lump  ore  containing  0'2  to  0'8  per 
cent,  of  mercury,  24  cubic  feet  of  wood  being  consumed  to  each  100 
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tons  of  ore.  In  1893,  the  loss  of  mercury  was  9'12  per  cent, 
according  to  Exeli.  The  fireplaces  of  these  Langer  furnaces  have  at 
present  been  bricked  up,  and  they  are  used  as  shaft  furnaces  proper, 
into  which  the  ores  are  charged  together  with  charcoal.  The 
condensing  arrangement  has  been  replaced  by  Czermak  condensers 
with  stoneware  pipes. 

The,  Knox  Furnace, 

This  furnace  was  erected  in  the  years  1874  to  1875  at  the 
Redington  Mine,  and  was  also  introduced  at  a  number  of  other 
Californian  works.     It  was  intended  to  treat  simultaneously  lump 
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ore  and  ore  fines.  Although  it  gave  good  results,  both  for  lumps 
and  for  mixtures  of  lump  and  fine,  provided  the  latter  did  not  exceed 
a  definite  proportion,  and  showed  itself  especially  far  superior  to  the 
modified  Idrian  furnace,  it  has  not  come  into  general  use,  as  was  at 
first  expected,  in  consequence  of  the  construction  of  furnaces 
specially  for  the  treatment  of  ore  fines,  and  on  account  of  the 
existence  of  other  good  furnaces  suitable  for  the  treatment  of  lump 
ores.  At  present,  since  the  works  at  which  it  was  first  introduced 
are  no  longer  in  operation,  it  is  only  being  used  at  the  Redington 
Mine.  Its  special  advantage  is  said  to  be  that  it  will  treat  satisfac- 
torily ores  containing  only  1|  per  cent,  of  mercury.  Its  construction 
is  shown  in  Figs.  211  and  212.     It  consists  of  a  brick  shaft  with 


walls  widening  upwards  stepwise,  and  with  a  lateral  fireplace  in  the 
middle  of  its  height.  The  height  of  the  furnace,  of  which  two,  or  in 
case  of  need  four,  are  best  built  side  by  side,  amounts  to  39  feet. 
The  shaft  is  rectangular  in  horizontal  section.  As  shown  in  the 
figures,  the  furnace  widens  from  the  throat  to  the  fireplace, 
the  latter  lying  20  feet  below  the  former.  The  shaft  proper 
is,  as  is  shown,  7  feet  square.  In  order,  however,  to  heat  the 
ores  thoroughly,  the  side  containing  the  fireplace  has  been 
brought  nearer  the  opposite  side,  to  within  2  feet  in  the  newer 
furnaces,   according   to    Egleston.^     At    the    level   of  the   fireplace 

1  Op.  cit.,  p.  842. 
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the  cross-section  of  the  shaft  therefore  presents  in  these  furnaces  a 
rectangle  of  7  feet  by  2  feet.  At  the  opening  for  the  removal  of  the 
residues,  the  cross-section  decreases  again  down  to  2  feet  by  2  feet. 
The  arches  T  form  two  chambers,  li  and  >S',  the  former  of  which 
contains  the  fireplace,  whilst  the  escape  jjipe  for  the  gases  and 
vapours  lies  in  the  second.  The  five  arches  T,  of  which  the  two  top 
ones  are  smaller  than  the  rest,  are  spaced  some  distance  apart, 
leaving  openings,  through  which  the  flames  enter  the  shaft  at  one 
side,  and  escape  at  the  opposite  side  into  the  chamber  S.  By  means 
of  this  arrangement,  the  flames  are  forced  to  traverse  the  column  in 
the  shaft  in  a  horizontal  direc- 
tion, and,  together  with  the 
products  of  oxidation  of  the 
sulphur  and  the  mercurial 
vapours,  are  drawn  by  means 
of  a  fan  into  the  condensers. 
The  three  lowermost  arches 
are  stepped  backwards,  so  that 
the  shaft  proper  widens  out 
at  this  point.  Owing  to  this 
widening  the  column  of  ore  is 
rendered  loosest  opposite  the 
fireplace  in  order  to  promote  a 
better  circulation  of  the  flame 
through  the  ore,  and  also  to 
avoid  any  ore  dropping  through 
the  slots  into  the  above-men- 
tioned chambers. 

The  fire  heats  the  ore  to 
such  a  temperature  that  it  will  continue  to  burn  by  itself  in  ■  the 
lower  part  of  the  shaft;  z  is  the  opening  through  which  the 
residues  of  distillation  are  drawn  out.  The  throat  is  closed  by  a 
cover  V  in  the  shape  of  a  segment  of  a  sphere,  which  ]  is  pushed 
to  one  side  by  means  of  a  projection  on  the  ore  waggons.  The 
bottom  of  the  chamber  S  is  covered  with  stout  plates  of  iron, 
which  are  to  prevent  the  penetration  of  the  mercury  into  the  brick- 
work. From  this  chamber  the  gases  and  vapours  pass  by  means  of 
a  cast-iron  pipe,  1  foot  6  inches  in  diameter,  into  Knox-Osborne  con- 
densers. These  consist  of  a  series  of  16  to  19  boxes  of  cast-iron  and 
w^ood,  rectangular  in  horizontal  section  and  with  an  inclined  floor, 
which  are  united  by  means  of  cast-iron  elbow  pipes.  The  construc- 
tion is  shown  in  Figs.  213  to  215 ;  the  boxes  are  8  feet  long,  2  feet 


^ 


Fig.  •212. 


292 


METALLURGY 


6  inches  broad,  5  feet  high  at  one  end  and  6  feet  at  the  other.  They 
are  cooled  by  allowing  water  to  trickle  first  over  the  cover  and  then 
over  the  sides.  The  last  eight  boxes  are  made  of  wood.  As  the  bottoms 
of  the  iron  boxes  are  constantly  covered  by  a  layer  of  fluid,  they  are 
not  more  strongly  attacked  than  the  sides  ;  in  consequence  of  this 
observation,  the  thickness  of  the  bottom  plates,  which  was  first  very 
great,  has  been  diminished.  Attached  to  the  last  condensers  is  a 
Roots  blower,  one  to  each  furnace,  which  draws  the  gases  through  a 
wooden  flue  into  a  wooden  tower  15  feet  high  and  4  feet  in  section. 
This  tower  is  filled  with   stones,  over  which  water  trickles,  so  as  to 

condense  the  last  particles  of 
mercury.  The  uncondensed 
gases  escape  from  the  tower 
through  a  long  flue  to  the 
summit  of  a  hill,  where  they 
are  allowed  to  escape  into  the 
open  air.  The  products  con- 
densed in  the  boxes  flow 
through  an  opening  at  the 
lower  end  of  the  inclined 
bottom  plates  into  gutters,  and 
thence  into  a  pan,  from  which 
the  mercury  is  ladled  out, 
whilst  the  acid  waters  are  run 
into  settling  tanks,  in  which  any  metallic  particles  carried  by  them  are 
deposited.  On  account  of  the  high  temperature  of  the  gases  and  vapours 
as  they  enter  the  condenser,  the  greater  part  of  the  mercmy  is  deposited 
only  in  the  middle  boxes  of  the  series,  whilst  relatively  large  quanti- 
ties of  acid  waters  are  condensed  in  the  last  boxes.  The  ores  are 
charged  and  the  residues  drawn  at  intervals  of  an  hour.  In  normal 
working  1  ton  is  charged  at  a  time,  so  that  the  furnace  puts  through 
24  tons  in  24  hours,  the  ore  taking  three  days  to  pass  through  the 
furnace.  At  the  Redington  Mine  the  charge  consisted,  according  to 
Egleston,  of  i  to  f  of  coarse  ores  and  h  to  ^  of  fines,  the  average 
quicksilver  contents  being  Ih  per  cent.  When  the  larger  quantities 
of  fines  were  charged,  or  when  the  ores  were  damp,  the  furnace  was 
unable  to  treat  more  than  12  tons  per  24  hours.  At  the  Redington 
Mine,  when  good  wood  was  employed,  its  consumption  amounted  to 
1  to  1|  cords  per  double  furnace,  according  as  the  charge  contained 
more  or  less  fine  ore.  A  single  furnace  treating  24  tons  in  24  hours 
required  six  men  during  that  time,  a  double  furnace  treating  48  tons 
eight  men,  and  a  block  of  four  furnaces  treating  100  tons  10  men.    The 
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removal  of  soot  from  the  condensers  and  tubes  took  place  once  a 
week  ;  it  only  takes  a  few  minutes  for  each  of  the  boxes.  On  account 
of  the  powerful  action  of  the  blower,  no  gas  or  vapours  can  escape 
from  the  boxes  during  this  process,  so  that  the  health  of  the  men 
engaged  in  the  operation  is  not  impaired.  There  are  no  data  as  to 
the  losses  of  mercury.  As  already  stated,  these  Knox  furnaces  are 
now  no  longer  built. 

FURNACES   FOR   ORE    FINES 

Hutincr  and  Scott  Furnaces 

Hiittner  and  Scott  have  designed  furnaces  for  the  treatment  of 
coarse-grained  ores,  known  as  granzita,  of  3"2  to  1*2  inches  cube,  as 
also  for  the  treatment  of  fine  ore,  known  as  tierras,  less  than  1  "2  inches 
cube.  These  furnaces,  which  were  first  introduced  at  New  Almaden 
in  the  year  1875,  are  shaft  furnaces  externally  fired,  in  which  the  free 
fall  of  the  ore  through  the  shaft  is  prevented  by  means  of  inclined 
shelves,  sloping  at  an  angle  of  45°  in  alternately  opposite  directions, 
upon  which  the  fine  ore  (the  angle  of  repose  of  which  amounts  to 
33°)  slips  down,  as  in  the  case  of  the  Hasenclever  and  Helbig  furnace 
(Vol.  I.,  p.  56).  In  these  furnaces,  however,  the  residues  are  not 
removed  continuously  as  in  the  last-named  furnace,  but  are  drawn 
out  from  it  at  short  intervals.  These  furnaces  have  given  excellent 
results,  and  are  largely  used  at  New  Almaden. 

The  Granzita  Furnace 

This  furnace  is  distinguised  from  the  tierras  furnace  principally 
by  the  interval  between  each  pair  of  alternately  inclined  shelves 
being  greater  than  in  the  case  of  the  latter,  amounting  to  7  inches, 
and  by  the  removal  of  the  residues  being  performed  without  the  aid  of 
shaking  appliances,  as  in  the  case  of  the  tierras  furnace.  The  older 
furnaces  were  built  with  two  shafts,  whilst  the  most  recently  built  con- 
sist of  four  shafts  in  one  block,  with  a  common  fireplace.  The  general 
construction  of  the  two-shaft  furnaces  is  shown  in  Figs.  216  to  218. 
Each  shaft  is  fitted  with  shelves  inclined  alternately  at  angles  of  45°. 
As  soon  as  the  residues  of  distillation  are  drawn  out  through  the 
apertures  provided  for  that  purpose,  the  ore  lying  above  them  slips 
down.  The  topmost  shelves  thus  become  free,  and  are  then  re- 
charged with  ore,  the  charging  being  performed  by  means  of  the 
hopper  a.  The  flame  and  air  pass  in  the  opposite  direction  to  the 
ore,  and  heat  the  shelves  both  below  and  above.     The  gases  are  com- 
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pelled  to  travel  this  particular  path  by  means  of  the  partitions  u^ 
and  w',  made  of  fire-brick ;  from  the  grate  lying  beneath  the  parti- 
tion w  they  enter  the  space  g' ,  and  then  traverse  the  lowest  third  of 
the  furnace  longitudinally.  Being  prevented  by  w'  from  rising  up- 
wards in  the  chamber  g' ,  they  are  compelled  to  traverse  the  second 
third  of  the  furnace  into  the  chamber  g,  and  from  it  have  to  traverse 
the  remaining  third,  entering  the  pipe  r,  which  leads  them  into  the 
condensing  appliances.     Each  shaft  is  27  feet  6  inches  high,  2  feet 


Section  nn'i'f. 
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Figs.  216— 21S. 


G  inches  broad,  and  11  feet  6  inches  long.  There  are  ten  inclined 
tiles  on  either  side  of  the  .shaft.  The  vertical  chambers  in  which  the 
above-named  partitions  are  arranged  are  2  feet  6  inches  wide.  The 
ore,  which  is  charged  by  means  of  the  hopper  a,  is  passed  through  a 
sieve  of  3"75  by  2*5  inches  mesh.  The  hopper  is  closed  at  its  lower 
end  by  means  of  a  conical  valve.  The  distillation  residues  are  drawn 
out  at  intervals  of  40  minutes  in  quantities  of  i  ton  each  time  for  the 
two  shafts,  a  corresponding  quantity  of  ore  being  charged  in  the 
furnace    at    corresponding    intervals.     In  24  hours  the   two   shafts 
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together  put  through  18  tons  of  ore  with  a  consumption  of  f  cord  of 
wood,  three  men  being  engaged  on  the  furnace  per  shift.  In  1888,  this 
furnace  was  in  operation  for  128  dajs  at  New  Ahnaden,  and  put 
through  2,375  tons  of  ore,  producing  1,239  flasks  of  mercury,  equal  to 
an  output  of  1-995  per  cent. 

The  condensing  appliances  are  chambers  built  partly  of 
brickwork,  partly  of  glass  and  wood.  The  condensers  of  glass  and 
wood  form  the  last  chambers  into  which  the  gaseous  current 
enters  after  it  has  been  cooled.  The  construction  of  the  brick 
condensers  is  shown  in  Figs.  219  to  221.     They  consist  of  chambers 
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Figs.  219—221. 


27  feet  high  and  6  feet  broad,  divided  by  a  brick  partition  into 
two  divisions.  The  chambers  are  connected  by  means  of  brick 
flues  4  feet  square ;  for  the  convenience  of  cleaning  them  out,  there 
are  two  rows  of  openings  2  feet  square  in  the  side  walls.  These  are 
closed  by  iron  plates  in  the  hotter  chambers,  and  by  sliding  windows 
in  the  cooler  ones.  The  floor  is  coated  with  cement,  on  top  of  which 
there  is  a  layer  of  asphalt  in  the  cooler  chambers.  The  floor  is 
inclined  towards  the  centre,  as  also  towards  one  side.  The  walls  of 
the  cooler  chambers  are  coated  with  a  mixture  of  asphalt  and  coal- 
tar.  The  path  of  the  gases  and  vapours  through  the  chambers  is 
indicated  by  arrows ;  they  enter  the  upper  part  of  the  condenser, 
traverse  the  first  division,  enter  the  second  division   from   below, 
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traverse  it  and  escape  at  its  upj^er  end  into  a  second  condenser,  which 
they  traverse  in  the  same  direction,  pass  through  the  following  con- 
densers, and  finally  reach  the  fan.  The  mercury  is  deposited  upon 
the  inclined  floor  of  the  chambers,  and  flows  through  a  gutter  in  them 
into  an  external  gutter  made  of  brickwork  and  lined  with  asphalt, 
from  which  it  runs'  into  the  collecting  pans.  Quite  recently  the  walls 
of  these  brick  condensers  have  been  provided  with  so-called  water 
backs,  consisting  of  cast-iron  boxes  43  inches  long,  16  inches  wide, 
and  14  inches  deep,  in  which  water  circulates.  They  are  provided 
with  an  external  flange  8  inches  broad,  to  which  the  cover  lined 
with  wood  is  bolted.     There  is  a  partition  in  them  which  forces  the 

cold  water,  entering  at 
the  bottom  by  means  of 
four  pipes,  to  circulate. 
These  water  backs  are  ap- 
plied to  the  first  two  cham- 
bers ;  they  have  given  good 
results,  and  compel  by  for 
the  greater  portion  of  the 
mercury  to  condense  in  the 
first  brick  chamber,  whilst 
it  used  formerly  to  be  de- 
posited in  the  fourth  to  the 
seventh  chambers.  Their 
life  is  up  to  four  years. 
Chambers  provided  with 
these  water  backs  are  con- 
sidered at  Almaden  to  be  the  best  of  all  condensing  appliances, 
and  have  to  a  great  extent  replaced  glass  and  wooden  condensers. 
The  arrangement  of  the  most  modern  type  of  condenser,  made 
of  glass  and  wood,  of  which  there  are  12  to  15  following  the  brick 
condensers,  is  shown  in  Figs.  222  to  224.  They  are  connected 
with  each  other  alternately  above  and  below,  and  consist  of  towers 
25  feet  high  and  4  feet  square.  They  are  built  of  glass  plates  let 
into  wooden  frames  and  contain  no  iron  whatever.  The  floor  consists 
of  plates  of  glass  lapping  one  over  the  other  like  the  slates  of  a  roof, 
and  it  inclines  towards  the  side,  at  w^hich  there  is  a  gutter  for  the 
removal  of  the  mercury.  This  gutter  terminates  in  an  earthenware 
pot  for  the  collection  of  the  mercury.  The  roof  and  the  flues 
uniting  the  towers  are  also  built  of  glass.  The  gases  and  vapours 
are  forced  to  alternately  rise  and  descend  in  these  condensers.  Very 
little  mercury,  but  a  great  deal  of  acid  water,  is  deposited  in  these 
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condensers,  the  temperature  of  wliich  varies  from  55^  to  80°  Fahr. 
In  order  that  these  condensers  may  remain  tight,  they  must  be  kept 
in  continuous  action,  otherwise  the  wood  shrinks  for  want  of 
moisture.  From  the  glass  chambers  the  gases  pass  through  a 
wooden  tiue  of  the  construction  described  on  page  285  into  a  tower 
of  brickwork,  from  which  they  are  drawn  off  by  a  Guibal  fan  and 
forced  into  a  stack 

The  arrangement  of  the  most  modern  Granzita  furnace  ^  with  four 
shafts  is  shown  in  Figs.  225  to  227,  which  represent  a  double 
furnace  of  the  above  kind.  Fig.  225  shows  an  elevation  and  a 
vertical  section  on  ■^^;  Fig.  226  a  vertical  section  on  0  PQR\  Fig. 
227  a  horizontal  section  on  V  W  X  Y.  The  entire  furnace  is  36 
feet  high,  25  feet  6  inches  long  and  17  feet  6  inches  broad.  The 
floor  of  the  furnace  is  rendered  impervious  to  quicksilver  by  means 
of  cast-iron  plates  a.  There  are  four  shafts  in  the  furnace,  with  one 
fireplace  common  to  all.  The  dimensions  of  each  shaft  are  27  feet 
high,  11  feet  6  inches  wide  and  26  inches  deep.  The  tiles  upon 
which  the  ore  slips  down  are  inclined  at  an  angle  of  45°,  the  distance 
between  two  tiles  inclined  in  opposite  directions  amounting  to 
8  inches.  J,  J  i^  the  grate  burning  wood  as  fuel,  and  fired  from  two 
opposite  sides.  The  air  required  for  combustion  is  supplied  by 
means  of  the  pipe  g,  which  traverses  a  portion  of  the  condensing 
chambers,  and  is  thereby  heated ;  it  enters  by  means  of  a  number  of 
small  flues  under  the  grate.  The  flame  passes  in  the  same  direction 
as  it  does  in  the  Granzita  furnace  with  two  shafts.  At  the  two  narrow 
sides  of  the  shaft  there  are  chambers.  III  and  IV,  with  their  jmrtitions 
m  and  n.  The  flame  passes  from  the  grate  J,  J  in  the  lower  part  of 
chamber  III  up  to  the  partition  m.  in  this  chamber,  and  then  passes 
through  the  openings  X  into  the  lower  third  of  the  four  shafts,  which 
it  traverses  lengthwise,  escaping  through  the  openings  XI  into  the 
chamber  IV.  In  this  chamber  there  is  a  partition,  n,  at  two-thirds  of 
its  height,  which  forces  the  gases  and  vapours  to  traverse  the  second 
third  of  the  four  shafts  lengthwise,  entering  the  chamber  III  through 
the  openings  XI.  From  the  latter  chamber  they  enter  the  last 
third  of  the  four  shafts,  traverse  it,  and  pass  into  the  upper  portion  of 
the  chamber  IV,  from  which  they  are  conveyed  by  the  cast-ii'on 
pipe  Q  into  the  condensers.  The  openings  XI  have  an  inclined 
floor,  so  that  any  soot  collected  in  them  can  slide  down,  the  object 
being  to  prevent  the  openings  becoming  stopj)ed  up  either  partially 
or  entirely.  In  order  to  keep  all  the  openings  clear,  and  to  prevent  the 
ore  settling  upon  and  between  the  inclined  tiles,  as  is  apt  to  happen 
^  Egleston,  op.  cit.  p.  877  ;  Enff.  Min.  Journ.,  1885,  p.  174. 
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in  the  case  of  wet  ores,  gas  pipes  3  inches  in  diameter  are  built  into 
the  wall  of  the  furnace  opposite   each  partition.     These  pipes  are 


Fig.  225. 


kept  closed  during  the  operation  by  means  of  clay  plugs,  and 
through  them  iron  bars  L  can  be  introduced,  by  means  of  which  any 
flue-dust  can  be  removed  through  the  doors  M.     Any  ore  that  has 
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fritted  on  to  the  topmost  tiles  can  be  removed  by  means  of  the  iron 
rabbles    0,  which   are   attached   to   the   sliding   bar  N\   t  are  the 
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Fig.  226. 


charging  hoppers,  the  lower  portion  of  which  is  closed  by  means  of 
slides  controlled  by  a  lever ;  u  are  openings  that  can  be  closed  by 
means  of  doors,  through  which  the  residues  of  distillation  can  be 
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removed  from  the  furnace.  There  are  4  such  openings  on  either 
of  the  longer  sides  of  the  furnace.  The  distillation  residues 
from  the  inner  shafts  fall  direct  upon  the  inclined  floor  of 
the  furnace  which  is  covered  with  cast-iron  plates.  The  distil- 
lation residues  from  the  outer  shafts  fall  upon  the  plate  c,  and  can 
only  drop  on  to  the  bottom  of  the  furnace  after  the  slide  e  is  drawn 
back.     These  residues  are  drawn  out  from  each  side  of  the  furnace 


\, — 
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at  intervals  of  forty  minutes,  one-eighth  ton  being  removed  from 
each  of  the  8  openings,  so  that  2  tons  altogether  are  removed  from 
the  furnace  every  80  minutes,  a  corresponding  quantity  of  fresh  ore 
being  charged  at  equal  intervals.  The  ore  remains  for  30  hours  in 
the  furnace,  the  quantity  of  ore  put  through  in  24  hours  amounting 
to  36  tons,  during  which  time  the  furnace  consumes  from  1^  to  IJ 
cords  of  oak  wood.     Five  men  work  a   furnace  in  a  shift  when  it 
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alone  is  in  operation.  If  the  above  described  2-.shaft  furnace  works 
at  the  same  time,  3  men  are  sufficient.  The  percentage  of  mercury 
contained  in  the  ores  treated  in  this  furnace  is  often  as  low  as  f  to  1 
per  cent.  In  the  year  1888,  this  furnace  was  in  operation  236  days, 
and  treated  8,420  tons  of  ore,  from  which  3,073  flasks  of  quicksilver 
Avere  obtained,  equal  to  1"395  per  cent,  of  mercury.  This  furnace 
is  to  be  preferred  to  the  2-shaft  furnace,  as  may  be  inferred  from  the 
fact  that  the  costs  of  treating  a  ton  of  ore  amounted  to  $0'64, 
whilst  in  the  2-shaft  furnace  they  amounted  to  $1.  In  the  former 
furnace  wages  amounted  to  $0'28,  in  the  latter  furnace  to  $0-46.^ 

The  condensing  arrangements  consist  of  brick  chambers  and 
chambers  of  glass  and  wood  as  in  the  2-sha,ft  furnaces.  The  two  first 
brick  chambers  and  the  fourth  chamber  are  fitted  with  cast-iron  water- 
backs  let  into  the  sides  as  already  described.  The  third  chamber 
contains  drying  kilns  for  the  fine  ore,  which  promotes  the  cooling  of 
the  gases  and  vapours.  There  are  2  water-backs  in  each  of  the 
brick  chambers,  there  being  10  of  these  altogether,  followed  by  15 
condensers  of  glass  and  wood.  From  the  latter  the  gases  escape 
into  a  brick  tower  and  are  finally  conveyed  by  a  flue  to  the  Guibal 
fan,  which  forces  them  into  a  stack. 

The  Ticrras  Furnaces 

These  furnaces  are  similar  in  construction  to  the  Granzita 
furnaces,  except  that  the  interspaces  between  the  inclined  tiles  are 
smaller,  amounting  to  from  3  to  5  inches,  whilst  the  distillation 
residues  are  withdrawn  by  means  of  so-called  shaking  tables  of  cast- 
iron.  Some  furnace  blocks  have  been  built  with  2  rows  of  2  and  others 
with  2  rows  of  3  shafts  ;  the  construction  of  the  blocks  containing  3 
shafts  in  the  row  is  shown  in  Figs.  228  and  229.  The  fireplaces  and 
the  arrangements  for  deflecting  the  flames  are  the  same  as  in  the 
Granzita  furnace.  The  whole  furnace  is  jacketed  with  iron.  The 
interspaces  between  the  tiles  of  the  outer  shafts  are  5  inches  wide, 
those  of  the  inner  shaft  3  inches.  It  was  thought  that  ores  of  rather 
coarse  grain  (Granzita)  could  be  worked  in  the  outer  shaft. 
Nevertheless  it  was  found  that  the  heat  which  was  quite  sufficient 
for  tierras,  was  not  high  enough  for  the  coarser  ore,  so  that  the 
furnace  is  only  treating  tierras  at  present.  Each  shaft  is  31  feet 
high,  23  inches  broad  and  9  feet  long.  The  grate  is  5  feet  above 
the  discharging  openings,  these  being  protected  by  cast-iron  plates  ; 
their  width  is  3  or  5  inches,  and  they  extend  over  the  total 
Egleston,  op.  cit.,  pp.  873,  879. 
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length  of  the  furnace.  Below  them  are  the  cast-iron  shaking  tables, 
which  are  can-ied  upon  wheels  running  upon  rails.  When  these 
tables  are  immediately  below  the  discharging  openings  they  support 
the  distillation  residues  that  drop  upon  them  until  they  reach  their 
natural  angle  of  repose.  As  soon,  however,  as  the  tables  are  pushed 
backwards  and  forwards  by  means  of  levers,  the  residues  slide  into  a 
waggon  running  beneath  them.  The  residues  are  thus  removed 
every  10  to  15  minutes,  a  ton  being  withdrawn  from  every  pair  of 
shafts   in    2  hours,   and   an  equal   quantity  of  fresh    ore    charged. 


Section  on  Q/~'ii-  Section  on  fs-J. 
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The  total  quantity  of  ore,  which  all  the  6  shafts  of  the  furnace  are 
capable  of  putting  through  in  24  hours,  amounts  to  36  tons,  2h  cords 
of  wood  being  used  during  that  time.  The  ore  remains  about  34 
hours  in  the  furnace.  There  are  three  men  on  the  shift.  In  the 
year  1888  this  furnace  was  in  operation  for  255  days,  treated  9,111 
tons  of  tierras  and  produced  3,078  flasks  of  mercury,  equal  to  an 
output  of  1"29  per  cent.  The  cost  of  treatment  of  a  ton  of  ore 
amounted  to  S072. 

The  double  furnace  with  2  pairs  of  shafts  put  through  24  tons  in 
24  hours  with  2  men  on  the  shift.  At  first  the  cost  of  treatment 
per  ton  of  ore  amounted  to  SI "73,  but  later  was  reduced  to  only  one- 
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half  of  that  amount.  In  the  year  1S8H  this  furnace  worked  for  200 
days,  treated  4,787  tons  of  tierras,  and  produced  1,680  flasks  of 
mercury,  equal  to  1"36  per  cent.  Nothing  is  said  with  regard  to 
the  loss  of  mercury. 

The  mercury  is  condensed  in  brick  chambers,  some  of  which  are 
fitted  with  water-backs.  A  portion  of  the  hot  gases  and  vapours 
surrounds  a  drying  kiln  for  the  damp  smalls  and  is  afterwards 
introduced  into  condensing  chambers.  These  shelf  drying  kilns  are 
fitted  with  inclined  tiles  like  the  Tierras  and  Granzita  furnaces. 
They  are  fully  described  in  Egleston's  work,  Vol.  II.,  page  871. 
Both  the  Granzita  and  Tierras  furnaces  described  give  exceedingly 
good  results,  but  nothing  is  known  as  to  the  loss  of  quicksilver  in 
operating  them. 

The  Livermore  Furnace 

This  furnace  was  introduced  by  C.  E.  Livermore  at  the  Redington 
Mine,  Knoxville,  California.  It  consists  of  a  row  of  narrow  channels 
lying  side  by  side  and  inclined  at  50°,  in  which  the  flame  ascends, 
whilst  the  ore,  the  descent  of  which  is  repeatedly  interrupted,  slides 
down  upon  the  floor  of  the  channels,  dropping  at  last  into  a  cooling- 
chamber.  The  principle  upon  which  the  construction  of  the  furnace 
depends  is  that  of  the  older  zinc  blende  calcining  furnaces  of  Hasen- 
clever  (see  page  59).  The  construction  of  the  furnace  is  shown  in 
Fig.  230.  S  is  one  of  the  inclined  channels,  the  length  of  which 
varies  from  30  to  35  feet  according  to  the  nature  of  the  ore ;  the 
width  is  6f  inches,  and  the  height  from  the  floor  to  the  crown  of  the 
arch  12  inches.  There  are  11  to  20  of  these  channels  side  by  side,, 
and  they  are  heated  by  means  of  the  grate  B  which  is  common  to  10 
or  11  of  them.  In  the  channels  there  are  numerous  projections,  v, 
built  of  fire-brick  and  made  roof-shaped,  running  across  the  channels, 
their  object  being  to  prevent  the  ore  from  sliding  down  too  quickly. 
These  project  5^  inches  above  the  floor,  and  are  12  inches 
apart  from  each  other.  In  the  arch  of  the  channels  there  are  also 
projections  built  of  fire-brick  4  inches  in  depth,  placed  half-way 
between  each  pair  of  projections  from  the  floor,  their  object  being 
to  prevent  the  flame  from  following  straight  along  the  arch,  and  to 
force  it  down  upon  the  ores.  The  fire  grates  B  are  24  inches  high 
and  26  inches  broad;  their  length  depends  upon  the  number  of 
channels  lying  side  by  side.  Several  fireplaces  are  required  for  a 
large  number,  whilst  one  fireplace  fired  from  both  sides  suffices  for 
10  to  11  channels.  The  firebridge  is  20  inches  above  the  grate,  and 
its  top  edge  is  18  inches  below  the  crown  of  the  arch  of  the  channel. 
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The  ore  is  charged  through  the  hopper  vj,  the  lower  end  of  which  is 
2  inches  square.  If  it  should  become  stopped  up,  it  is  cleared  by 
means  of  iron  bars  introduced  into  the  hopper.  The  distillation 
residues  pass  at  the  lower  end  of  the  channels  through  flues  u  into 
the  cooling  chamber  B,  in  which  they  are  allowed  to  cool  for  awhile, 
and  are  then  removed  in  waggons ;  the  cooling  chamber  is  connected 


Fig.  230. 


with  a  condenser  T  by  means  of  flues  which  collect  any  vapours 
escaping  from  the  hot  residues.  P  is  an  auxiliary  fireplace  for 
heating  the  floor  of  the  channels.  It  has,  however,  been  found 
unnecessary,  and  it  has  been  omitted  in  the  more  modern  furnaces. 
The  roofs  of  all  the  channels  are  covered  with  ashes  in  order  to 
keep  the  heat  together.  There  are  sight-holes  in  the  lower  portion 
of  the  shafts  in  order  to  enable  the  process  to  be  watched. 

The  vapours  and  gases  escape  from  the  flues  y  into  the  condenser, 
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which  consists  of  5  brick  chambers,  T,  10  feet  9  inches  high,  15  feet 
long  and  4  feet  wide,  followed  by  10  Knox-Osborne  condensers, 
which  have  been  described  on  page  291,  and  finally  by  5  wooden 
chambers  with  inclined  floors,  8  feet  in  height,  20  feet  in  width,  6 
feet  high  at  one  side  and  5  feet  at  the  other.  Finally  the  gases  pass 
through  a  long  system  of  flues  into  a  stack. 

In  a  furnace  composed  of  10  to  12  flues,  1|  tons  of  ore  are  treated 
]ior  flue  in  24  hours,  so  that  the  whole  furnace  treats  from  17|  to  21 
tons ;  in  the  larger  furnaces  each  flue  will  put  through  1  ton  in  24 
hours.  The  consumption  of  fuel  in  a  furnace  with  10  to  12  flues  is 
from  li  to  2  cords  of  wood  per  24  hours.  Such  a  furnace  is  worked 
by  6  men  in  two  12 -hour  shifts. 

At  the  Sunderland  Mine  there  is  a  Livermore  furnace  with  12 
flues,  which  treats  15  to  1(3  tons  of  ore  in  24  hours.  The  condensing 
appliances  there  consist  of  wrought-iron  tubes  18  inches  in  diameter. 
At  the  Redington  Mine  there  are  furnaces  with  16  and  20  flues 
respectively,  the  latter  putting  through  30  tons  of  ore  in  24  hours. 
The  Livermore  furnaces  have  given  very  satisfactory  results,  although 
nothing  is  known  about  the  losses  of  mercury  in  this  furnace. 
According  to  Egleston,^  the  losses  of  mercury  in  California  are  said 
to  amount  to  15  to  20  per  cent,  in  the  best  furnaces.  At  New 
Almaden  the  losses  were  said  to  amount  to  7*29  per  cent.,  according 
to  some  experiments  which  wer6  extended  over  but  a  short  time. 
Egleston  says  that  in  California  the  expense  of  further  decreasing 
the  loss  of  mercury  is  greater  than  the  additional  value  thereby 
obtained. 

The  Cxcrriiah  Furnace  {Sclmttofen) 

This  furnace  was  introduced  in  1886  by  Czermak,  in  Idria,  and  was 
modified  by  Novak,  the  imj)roved  form  having  given  very  satisfactory 
results.  It  is  far  superior  to  the  long-bedded  calciners,  in  which  a 
portion  of  the  fine  ore  is  also  calcined  at  Idria.  The  furnace  consists 
of  a  shaft  furnace  with  an  iron  shell ;  inside  the  shaft  there  are 
several  rows  of  ridges  made  of  fire-brick,  the  topmost  row  alone  being 
of  cast-iron,  upon  which  the  ore  slides  down.  This  arrangement 
somewhat  resembles  the  Gerstenhofe  calciner,  except  that  in  the 
latter  the  ore  bearers  are  ridge-shaped  below  and  flat  above.  The 
air  required  both  for  the  complete  combustion  of  the  fuel,  as  also  that 
required  for  oxidation,  is  heated.  Four  furnaces  are  combined  to 
form  a  block.  In  the  most  modern  furnaces  there  are  5  rows  of  6 
ridges  each,  of  which  the  4  lowermost  rows  are  built  of  fire-brick, 

1  Op.  cif.,  p.  899. 
VOL.   II  X 
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whilst  the  upper  one  consists  of  cast-iron.  The  construction  of  a 
furnace  with  only  4  rows  of  ridges  is  shown  in  Figs.  231  and  232. 
In  the  former,  u,  u  are  the  ridges  lying  one  beneath  the  other.  They 
are  so  disposed  that  the  ore  charged  upon  the  topmost  row  of  ridges 
slides  gradually  down  their  inclined  faces,  and  reaches  the  bottom 


-28'  lu"- 
Fics.  231  AND  232. 


of  the  furnace  free  from  mercury.  The  firing  is  done  by  means 
of  the  grates  h,  i,  of  which  h  is  the  main  grate,  i  an  auxiliaiy 
one.  The  flames  from  both  fireplaces  unite  in  the  flue  S.  The  air 
required  for  the  combustion  of  the  fuel,  as  also  for  the  oxidation  of 
the  sulphide  of  mercury,  is  heated  both  in  the  elliptical  cast-ir.jn 
j)ipes  a,  as  also  in  the  lateral  air  chambers  r.     From  the  pipes  a  the 
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air  passes  into  the  air  chaniber  il/,  and  from  the  latter,  by  means  <jf 
vertical  openings  in  its  roof,  into  the  flue  >S',  in  which  the  gases 
evolved  from  the  fuel  are  completely  burnt.  Above  the  shaft  S  there 
is  a  second  air  chamber  w,  into  which  air  passes  both  from  the  chamber 
r  and  through  the  openings  g.  The  air  contained  in  this  chamber 
enters  the  flue  *S'  through  openings  in  the  floor  of  the  chamber ;  from 
that  flue  the  products  of  combustion  with  the  excess  of  air  enter  the 
furnace  through  the  openings  ?/,  //.  Below  these  openings  there  is  a 
tier  of  smaller  openings  not  shown  in  the  figures,  through  which  the 
flames  pass  beneath  the  lowermost  row  of  ridges.  The  flames  and 
air  ascend  in  the  shaft  in  the  interspaces  between  the  ridges  and 
finally  escape  laterally  through  the  openings  y",  which  correspond  to 
the  spaces  beneath  the  topmost  row  of  ridges,  whence  they  pass  into 
the  flue  T,  which  carries  all  the  gases  and  vapours  evolved  from  the 
furnace  through  the  pipe  U  to  the  condenser.  The  fine  ore  falling 
down  in  the  furnace  finally  drops  through  the  slots  s,  s  in  the  floor 
of  the  furnace,  into  the  sheet-iron  hopper  Q,  and  thence  into  the 
spaces  between  the  columns  N.  The  whole  furnace  stands  upon  a 
dish  made  of  riveted  sheet-iron  which  is  supported  by  means  of 
cement  pillars  protected  with  cast-iron  plates.  These  pillars  are  let 
into  the  floor  which  is  carefully  cemented,  and  in  which  there  are 
cast-iron  tanks,  so  that  any  escape  of  mercury  is  at  once  perceived. 
The  residues  are  drawn  out  and  fresh  ore  is  charged  at  intervals  of 
two  hours. 

The  condensing  appliances  consist  of  vertical  pipes  elliptical 
in  cross  section,  made  of  stoneware,  and  cooled  by  means  of  water, 
followed  by  dust  chambers.  The  individual  portions  of  the  system  of 
tubes  are  connected  by  means  of  cement,  the  whole  system  being- 
supported  by  a  wooden  frame.  The  bottom-most  ends  of  the  pipes 
dip  for  2  inches  into  boxes  made  of  iron  and  lined  inside  with 
■cement,  and  filled  with  water,  in  wliich  the  condensed  mercury  and 
soot  collect.  A  furnace  with  4  shafts  is  connected  to  8  rows 
of  tubes  with  8  vertical  tubes  in  each.  These  rows  of  tubes  open 
into  dust  chambers  built  of  2  inch  boards,  which  are  made  tight 
by  grooves  and  feathers,  and  cemented  with  a  cement  made  of  quick- 
lime and  linseed  oil.  The  dust  chambers  are  supported  upon  brick 
pillars,  their  floor  being  protected  by  a  layer  of  Portland  cement  2"-l 
to  3'2  inches  deep.  The  space  below  the  chambers  forms  a  sump 
for  the  escaping  condensed  water  and  for  the  wash  water.  The 
ground  about  the  condensers  is  concreted,  channels  being  made  in 
the  concrete,  through  which  the  condensed  water  and  wash  water 
can   run   into   the  sumps,  which  are  also  built  of  concrete.      The 
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construction  of  the  condensers  for  a  block  consisting  of  4  furnaces, 
the  mode  of  connecting  it  with  the  furnace  and  with  the  dust 
chambers,  as  also  the  construction  of  the  latter,  is  shown  in  Figs.  233 
and  234.  The  gases  and  vapours  from  the  4  separate  furnaces  V 
collect  in  the  gas-main  a,  and  pass  from  it  into  3  branch  pipes  h, 
through  which  they  enter  the  condensers  c.    Below  the  latter  are  the 


Figs.  233  and  234. 


boxes  /,  filled  with  water  into  which  the  ends  ^  of  the  Y-shaped 
pipes  dip.  Through  these  boxes  mercury  flows  off  into  the  cast-iron 
pans  h ;  the  gases  and  vapours  pass  from  the  condensers  d  into  the 
dust  chambers  e,  which  are  provided  with  partition  walls,  and  from 
the  latter  into  the  so-called  central  chambers.  Below  the  dust 
chambers  there  are  brick  sumps  S,  into  which  the  condensed  water 
and  wash  water  flow  through  the  gutters  r.     J'  are  the  brick  pillars 
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which  carry  the  dust  chambers.  Fig.  233  shows  the  combination  of 
2  blocks  of  furnaces  with  the  condensers  and  the  dust  chambers. 
The  cleaning  out  of  the  condensers,  that  is  to  say,  the  removal  of  the 
mercury  from  the  stoneware  pipes  into  the  iron  boxes,  is  undertaken 
every  fifth  day,  when  rich  ores  are  treated,  but  only  every  14  days 
when  poor  small  ores  of  the  first  and  second  quality  and  poor  coarse 
ores  are  treated.  According  to  the  results  obtained  in  the  year  1892,^ 
furnace  No.  ]  at  Idria  treated  in  24  hours  22*4  tons  of  poor  and  rich 
small  ores,  with  a  consumption  of  130  cubic  feet  of  wood,  and  a  cost 
in  wages  of  l7s.  9d.  for  every  10  tons  of  ore.  The  production  of  soot 
amounted  to  3 '3  per  cent.,  and  that  of  mercury  to  204*2  tons.  In 
furnaces  Nos.  2  and  3,  each  furnace  of  4  shafts  treated  in  24  hours 
2(37  tons  of  poor  small  ore  and  pressed  soot,  with  a  consumption  of 
106-5  cubic  feet  of  wood  per  10  tons  of  ore.  The  cost  of  wages  for 
this  [quantity  of  ore  amounted  to  14.s.  The  production  of  soot 
amounted  to  1'3  per  cent.,  that  of  mercury  to  117*7  tons.  The  loss 
of  mercury  in  this  furnace  was  6"5  per  cent.  These  furnaces  have 
given  very  good  results,  and  fine  ores  should  therefore  as  a  rule  be 
treated  in  them,  unless  they  have  to  be  worked  in  long-bedded 
■calciners  on  account  of  the  production  of  too  large  quantites  of  flue- 
dust. 

The  Extraction  of  Ifcrcunj  in  Revcrheratory  Furnaces 

Reverberatory  furnaces  are  inferior  to  the  above  described  shaft 
furnaces  in  every  respect.  They  are  employed  for  small  ore  which 
yields  too  much  flue  dust  when  treated  in  shaft  furnaces ;  also  for 
coarser  ore  which  decrepitates  readily  in  the  shaft  furnace,  and  for 
ores  that  readily  sinter.  The  first  reverberatory  furnaces  were  con- 
structed in  1842  by  Alberti  in  Idria.  The  last  of  these  Alberti 
furnaces  was  discontinued  in  the  year  1887.  In  1871,  the  first  iron- 
clad reverberatory  furnaces  heated  from  beneath  the  hearth  were 
built  at  Idria  by  Exeli,  which  were  followed  in  the  year  1879  by 
Czermak's  long-bedded  calciners.  The  latter  were  re-modelled  in 
1888  by  Spirek,  and  thus  received  their  present  form.  If  the  nature 
of  the  ore  necessitates  the  employment  of  reverberatory  furnaces, 
long-bedded  calciners  should  as  a  rule  be  employed.  The  Alberti 
furnace,  the  Exeli  reverberatory  furnace,  and  the  reverberatory 
furnace  at  present  emj)loyed  in  Idria  will  be  considered  in  •  some 
detail.  Reverberatory  furnaces  are  not  in  use  either  in  Spain  or  in 
America. 

^  Mitter,  o^;.  cit. 
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Tlic  Albert  I  Furnace 

The  construction  of  these  furnaces  is  shown  in  Figs.  235  to  237,. 
which  represent  two  furnaces  lying  side  by  side,     a  is  the  firegrate,/ 


Fig.  285. 


the  hearth  13  feet  6  inches  long  and  7  feet  3  inches  broad ;  j9  is  the 
working  door,  c  a  chamber  into  which  the  distillation  residvies  can 

be  emptied,  d  the  charging  hopper  provided 
with  a  slide.  The  gases  and  vapours  first 
pass  into  the  brick  chambers  g,  then  through 
the  iron  pipe  h,  27^  inches  in  diameter,  into 
the  brick  chambers  i,  after  which  they 
traverse  the  chambers  h,  I,  m,  pass  from  the 
latter  by  means  of  the  iron  pipes  n,  into  the 
chambers  o,  and  lastly  into  the  stack.  In 
the  latter  there  are  comjDartments  ]J,  q,  r, 
which  the  gases  are  compelled  to  traverse 
before  being  allowed  to  escape,  which  they 
do  through  the  openings  s.  Water  is  allowed 
to  trickle  upon  the  iron  pipes ;  t  are  man- 
holes. The  quicksilver  collects  in  reservoirs 
built  in  the  brickwork  of  the  chambers.  The 
soot  deposits  in  the  iron  pipes  and  in  the 
chambers,  and  is  removed  from  them 
from  time  to  time.  In  this  furnace,  ore  fines  with  1  per  cent,  of 
mercury  and  also  soot  were  treated.     The  furnace  received  charges 
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of  II  tons,  three  of  which  were  always  in  the  furnace  at  the  same 
time.  These  charges  were  drawn  and  pushed  forward  every  4  hours. 
In  24  hours,  G'G  tons  of  ore  were  treated  with  a  fuel  consumption 
of  106  cubic  feet  of  wood,  or  of  from  Of)  to  O"?  ton  of  lignite.     The 
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loss  of  mercury  amounted  to  14-80  per  cent,  when  treating  coarse 
small  ore  containing  0-4  to  0-6  per  cent,  of  mercury.  There  were  12 
of  these  furnaces  in  Idria,  which  have  been,  as  mentioned  above, 
replaced  by  the  iron-clad  calciners. 


Iron-dad  Reverberator^  Furnaces 

The  first  of  these  iron-clad  long-bedded  calciners  were  built  in 
1871  by  Exeli,  and  they  were  used  up  to  1877  for  treating  the  rich 
soot  residues  and  ores.  The  construction  of  this  furnace  is  shown  in 
Figs.  238  and  239,  in  which  g  is  the  grate ;  the  flame  traverses  first 
the  flues  a  beneath  the  bed  of  the  hearth,  and  then  passes  through 
the  aperture  o  and  over  the  hearth  h,  20  feet  long  and  7  feet  3  inches 
broad.  After  having  passed  over  the  latter,  the  products  of  com- 
bustion, together  with  the  other  gases  and  vapours,  enter  the  cast- 
iron  box  h,  cooled  by  a  stream  of  water,  the  floor  of  which  is  steeply 
inclined  and  covered  with  cement.  The  quicksilver,  which  condenses 
in  it  in  considerable  quantity,  collects  in  the  pan  k.  The  gases  and 
uncondensed  vapours  pass  into  3  rows,  lying  side  by  side,  of  cast- 
iron  Y-shaped  pipes  18|  inches  in  diameter,  which  are  provided  with 
cast-iron  boxes  S  for  the  collection  of  soot  and  mercury.  From  the 
pipes  the  gases  enter  2  brick  condensing  chambers,  and  from  the 
latter  they  pass  into  a  system  of  flues  common  to  all  the  chambers, 
and  thence  into  the  stack;  d  and  n  are  working  doors;  c  is  the 
charging  hopper.  The  distillation  residues  are  dropped  through  the 
opening  o  into  the  pocket  z,  and  drawn  off  at  e.  This  furnace,  which 
treated  rich  materials,  namely  ores  containing  3  to  10  per  cent,  of 
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mercury.,  and  soot  residues,  put  through  in  24  hours  from  2^  to  5 
tons  of  ore  according  to  their  contents  of  mercury,  with  a  consumption 
of  106  cubic  feet  of  wood.  The  loss  of  mercury  amounted  to  10  to 
12  per  cent. 

This  furnace  was  superseded  in  1888  by  the  Czermak  furnace  as 
altered  by  Spirek,  which  is  the  furnace  now  employed.  Its  con- 
struction is  shown  in  Figs.  240  to  243,  Fig.  240  showing  a  longitu- 
dinal section,  242  a  plan,  241  a  cross-.section  on  the  line  A-B,  and 


Figs.  23S  and  23!). 


243  a  cross-section  on  the  line  C-D.  Two  furnaces  are  united  in  one 
block.  The  furnace  stands  on  a  dish  of  riveted  sheet-iron ;  a  is  the 
firegrate  ;  the  flame  passes  in  flues  b  under  the  bottom  of  the  furnace, 
and  then  passes  over  the  hearth  c,  Avhich  is  18  feet  long  and  7  feet  6 
inches  Avide,  and  is  built  of  tiles  1'2  to  IG  inches  thick.  The  gases 
and  vapours  pass  through  3  openings  into  the  condensing  appliances, 
which  consist  of  a  series  of  tubes  made  of  glazed  stoneware  followed 
by  wooden  chambers ;  t  is  the  charging  hopper.  The  distillation 
residues  are  drawn  off  at  z.  The  condensers,  consisting  of  Y-shaped 
tubes,  are  similar  to  those  in  the  Idrian  furnaces  and  ihe  shaft 
furnaces,  except  that  there  are  only  4  rows  of  tubes  with  6  tubes  in 
each.  The  construction  of  the  condensers  and  the  method  of  con- 
necting them  with  the  furnaces  and  the  dust  chambers  is  shoAvn  in 
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Figs.  244  and  245.  The  method  of  connecting  this  furnace,  each  pair 
of  which  forms  one  block,  with  the  condensers  and  the  dust  chambers 
is  shown  in  Fig.  245,  in  which  0,  0  are  the  furnaces,  and  a,  a  are  the 
outlet  pipes  through  which  the  gases  and  vapours  from  the  furnace 
enter  the  distributing  pipe  h;  c,  c  are  the  vertical  condensing  pipes, 
and  d,  d  the  dust  chambers.  The  latter  are  made  of  boards  2  inches 
thick,  and  are  supported  on  brick  pillars  p,  the  floor  of  the  chambers 
being  protected  by  a  layer  of  Portland  cement  2-4  to  3"2  inches  thick. 
The  floor  beneath  the  condensers  is  concreted,  there  being  gutters  in 
the  concrete  by  means  of  which  the  wash-water  is  run  into  sumps. 


Longitudinal  Seetionl^    1   Af | 


Cross  Section  (it  JIB 
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Fig.  243. 


The  latter  are  also  built  of  concrete  and  are  cemented  twice  a  year. 
The  condensers  are  cleaned  out  every  fortnight.  These  calcination 
furnaces  serve  for  the  treatment  of  fine  ores  making  very  much  dust, 
and  of  ores  that  decrepitate  in  shaft  furnaces,  it  being  impossible  to 
treat  these  classes  of  ore  in  any  form  of  shaft  furnace.  The  residues 
are  drawn  out  and  new  ore  is  charged  every  2-i  hours.  These 
furnaces  treat  in  24  hours  6*6  tons  of  poor  ore  and  soot.  The  con- 
sumption of  fuel  amounts  to  148  cubic  feet  of  wood  per  10  tons  of 
■ore.    A  pair  of  furnaces  are  served  by  3  men  in  an  8-hour  shift,  viz., 
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one  fireman,  one  labourer  for  wheeling  in  ores,  and  one  for  removing 
the  residues;  wages  vary  from  20s.  to  22s.  per  10  tons  of  ore. 
The  production  of  soot  amounts  to  Id  per  cent.     The  loss  of  mercury 


Figs.  Hi  and  245. 


is  8  to  9  per  cent.  It  is  evident  from  these  figures  that  these  rever- 
beratory  furnaces  are  more  expensive  to  work  than  the  Idrian 
furnaces.  On  account,  however,  of  the  reasons  above  given,  their 
employment  cannot  be  dispensed  with. 
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Uxtradion  of  Mrrciiry  in  Shaft  Furnaces  Proper 

Shaft  furnaces  proper,  or  those  furnaces  in  which  ore  and  fuel 
coinc  into  direct  contact,  work  continuously,  and  when  carbonised  fuel 
is  employed  have  the  advantage,  as  compared  with  externally  lired 
furnaces,  that  the  production  of  mercurial  soot  (on  account  of  there 
being  no  carbonaceous  soot  present  in  the  products  of  combustion)  is 
a  very  small  one,  in  consequence  of  which  the  direct  production  of 
mercury  is  comparatively  high.  They  should,  therefore,  be  used  as  a 
rule  for  the  treatment  of  lump  ores  in  those  cases  in  which  carbonised 


Figs.  "246—248. 


fuel,  especially  charcoal,  can  be  cheaply  obtained.  They  are  suitable 
both  for  lump  ores  and  for  bricks  made  of  small  ore ;  they  are  used 
with  satisfactory  results  at  Idria,  where  the  externally  fired  furnaces 
of  Exeli  and  Langer  have  been  converted  into  true  shaft  furnaces  by 
bricking  ujJ  their  fireplaces.  In  addition  to  these,  shaft  furnaces  have 
been  used  at  Ripa,  Castellazara  and  Yalalta  in  Italy,  as  also  at  St. 
Annathal,  near  Neumarktl  in  Carniola.  At  Almaden  they  have  only 
been  used  experimentally  (Pellet  furnace).  The  oldest  shaft  furnace 
is  the  so-called  Hahner  furnace,  which  was  introduced  in  the  year 
1849  in  Idria,  where  it  was  in  operation  up  to  1852.  The  construc- 
tion of  the  Idrian  Hahner  furnace  is  shown  in  Figs.  246  to  248,' in 
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which  h  is  the  shaft  36  feet  high  and  4  feet  in  diameter ;  m  is  an 
inclined  movable  grate  upon  which  the  column  of  ore  rests.  In  order 
to  remove  the  distillation  residues,  a  certain  number  of  the  firebars 
can  be  withdrawn,  so  that  the  former  can  drop  into  waggons  j)laced 
below  the  grate ;  n  is  the  charging  hopper ;  o  are  brick  condensing 
chambers  with  concave  floors  inclined  to  one  side  in  order  to  enable 
the  mercury  to  run  off.  The  chambers  are  provided  with  a  roof  of 
cast-iron  cooled  with  water ;  they  are  18  feet  6  inches  high,  6  feet 
broad,  and  4  feet  3  inches  long ;  p  and  q  are  sections  of  the  stack, 
which  is  6  feet  3  inches  by  4  feet  in  plan.  Alternate  layers  of  ore 
and  charcoal  are  charged  into  this  furnace.  At  intervals  of  1  i  hours 
the  distillation  residues  are  removed  and  a   corresponding  quantity 


of  fresh  ore  charged.  This  furnace  was  replaced  by  the  Valalta 
furnace,  to  be  presently  described. 

The  furnace  at  Castellazara,  near  Santafiori  in  Tuscany,  is  shown 
in  Fig.  249.  The  shaft  has  a  height  of  7  feet  3  inches  above  the 
grate,  its  diameter  being  15f  inches.  The  distillation  residues  are 
withdrawn  through  a  lateral  opening  above  the  grate.  The  gases  and 
vapours  traverse  3  condensing  chambers  one  after  the  other,  the 
floors  of  which  are  formed  of  cast-iron  pans.  The  mercury  that 
settles  in  the  latter  is  drawn  off  by  means  of  pipes  provided  with 
cocks,  into  waggons  placed  beneath  them.  From  the  last  condensing 
chambers,  the  gases  and  vapours  enter  another  chamber  h,  and 
thence  pass  to  the  stack  c.  Ores  were  treated  in  this  furnace  which 
contained  from  O'S  to  0-4  per  cent,  of  mercury. 

The  furnace  of  Valalta  in  Venice,^  which  was  used  also  at  Idria 
from  1868  to  1878,  is  provided  with  wooden  condensing  flues  cooled 

1  Oeslerr.  ZeitHch.,  1862,  p.  195  ;  Benj.  mul  Iliitt.  Zty.,  1864,  p.  284  ;  1S68,  p.  32  ; 
Eiuj.  and  Min.  Journ.,  1872,  vol.  xiv.,  Nos.  11  ami  12. 
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by  water.  Its  construction  is  shown  in  Fig.  250  ;  a  is  the  shaft 
21  feet  4  inches  high  and  4  feet  broad.  The  gases  and  vapours  pass 
through  the  chambers  I  and  c  into  the  wooden  pipe  d,  3  feet  3  inches 
broad  and  50  feet  6  inches  long,  thence  into  the  chambers  c,  f 
and  g,  from  the  latter  of  which  it  passes  into  the  upper  wooden 
pipe  h,  also  cooled  by  water,  which  possesses  the  same  dimensions 
as  the  lower  pipe.  From  this  it  enters  the  chamber  i,  and  thence 
the  stack  k.  The  pipes  consist  of  a  number  of  short  conical  pipes 
set  one  into  the  other.  The  draft  is  produced  by  means  of  a  water 
trompe  p,  connected  with  the  stack,  in  the  water  tube  o  of  which 


Fig.  2.30. 


the  last  portions  of  mercury  are  collected.  These  furnaces  treat 
in  24  hours  9  tons  of  ore  containing  0-45  per  cent,  of  mercury,  with  a 
consumption  of  fuel  equal  to  20  per  cent.  The  loss  of  mercury  is 
said  to  amount  to  22*3  per  cent. 

The  furnace  at  St.  Annathal,  Carniola,^  is  shown  in  Fig.  251.  It 
is  square  in  horizontal  cross  section,  4  feet  by  4  feet,  its  height 
amounting  to  30  feet  6  inches.  The  gases  and  vapours  traverse  2 
rows  of  cast-iron  pipes  contained  in  a  cooling  chamber  h,  and  thence 
pass  through  w^ooden  pipes  /  into  a  chamber  g.  The  latter  is  con- 
nected to  a  water  trompe  which  produces  the  requisite  draft. 
The  greater  part  of  the  mercury  is  collected  in  the  box  d,  and  the 
distillation  residues  are  removed  through  man-holes  m,  of  which 
there  are  three.  The  ore  contains  O'S  per  cent,  of  mercury ;  it  remains 
for  46  hours  in  the  furnace,  which  takes  23  charges  of  11-2  cubic 
feet  of  ore  and  1-76  cubic  feet  of  charcoal.     The  distillation  residues 

1  Karnthener  Ztit.^ch.,  1S77,  p.  3,S2. 
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Fig.  251. 
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are  removed  from  the  furnace  every  two  hours,  when  a  corresjDonding 

quantity  of  fresh  ore  is  charged. 

The  furnace  built  at  Idria  in  1888,  which  was  replaced  in  1892 
I  by  the  new  Novak  shaft  furnace,  on 

account  of  its  unsatisfactory  results,  is 
shown  in  Figs.  252  to  254.  A  is  the 
shaft,  B  being  the  shaft  lining,  C  the 
retaining  wall,  D  the  iron  casing ;  G  are 
cast-iron  columns  which  supj)ort  the 
shaft ;  E  is  the  charging  apparatus  ; 
F,F  are  openings  through  which  the 
distillation  residues  are  drawn  out  of 
the  .  furnace.  The  gases  and  vapours 
pass  through  the  tube  H  into  the 
Czermak  condenser,  which  consists  of 
Y-shaped  tubes  J,  made  of  clay.  The 
condensed  mercury  collects  in  the 
vessel  L,  which  is  filled  with  water. 
From  the  condensing  tubes  the  gases 
and  vapours  pass  into  the  brick 
chambers  K. 
X\^\„  '^\\\'^  furnace  was  replaced  in  1S92 

by  the  very  successful  new  Novak 
furnace.  This  is  rectangular  in  cross- 
section  and  has  four  openings  for  the 
removal  of  the  residues.  The  retaining 
wall  is  24  inches  thick,  the  inner 
'  wall  8  inches.      The  construction  and 

Fia.  252. 
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Fig.  204. 


dimensions  are  shown  in  Figs.  255  and  256.     Three  of  these  furnaces 

are  united  to  form  a  block  ;  a  are  the  openings  for  drawing  off  the 
,-  residues,  Z/  is  a  roof-shaped  ridge  on  the 

bottom,  pierced  with  numerous  small 
openings.  Through  the  latter,  air 
enters  from  the  bottom  of  the  furnace 
and,  thus  heated,  passes  into  the  fur- 
nace through  the  above-named  holes ; 
c  is  the  charging  hopper,  d  the  escape 
pipe  for  the  gases  and  vapours,  which 
thence  enter  the  stoneware  condensers 
and  pass  onwards  into  dust  chambers. 
In  this  furnace  poor  ore  down  to  0*67 
inch  mesh  is  treated,  together  with 
pressed    soot ;    the    furnace,   which  is 

charged  every  two  hours,  will  put  through   12"1  tons  of  ore  in  24 

hours.     For  10  tons  of  ore   1*6  tons  of  charcoal  are  consumed.     4*2 

men  are  emiDloyed  for  two  shaft  furnaces  on 

an   8-hour   shift.     The    cost    of  Avages   per 

10  tons   of  ore   amounts  to  135.  4^,     The 

production  of  soot  amounts  to  0"5  per  cent., 

the  loss  of  mercury  to  7  to  8  per  cent.     The 

condensers,  as  in  the  other  Idrian  furnaces, 

consist    of   Y-shaped    tubes    of    stoneware 

cooled  by  water.     They  are  oblong  in  cross 

section,  are  0"8  inch  thick,  and  are  supported 

in  wooden   frames.     The  various  jaipes  are 

joined  together  by  means  of  cement.     The 

loAver    contracted   branches    dip   for  about 

2  inches  into  water  contained  in  cast-iron 

boxes,  which  are  lined  with  cement.     For 

each  fiu'nace  there  are  4  rows  of  tubes,  with 

6  tubes  in  each.     The  gases   and  vapours 

enter  at  a  temperature  of  200°  to  300"  C. 

and  finally  escape  at  a  temperature  of  8°  to 

12""  C.     From  44  to  Q'Q>  gallons  of  water  are 

used  per  hour  per  furnace  for  cooling  pur- 
poses. When  poor  coarse  ore  is  being- 
treated,   the   condensed   mercury   is    swept 

out  every  14  days  from  the  condensers  into 

the  boxes  lying  beneath  them,  but  every  4 

or  5  days  when  pressed  soot  is  being  treated. 


FiQS.  255  AND  256 


The  mercurial  vapours 
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escaping  from  the  stoneware  pipes  are  condensed  in  chambers  con- 
structed of  wood  and  divided  by  partition  walls  into  several  divisions , 
the  wooden  walls  being  made  air-tight  by  groove  and  tongue  joints. 
The  construction  of  the  condensers,  the  method  of  connecting  them 
with  the  shaft  furnaces,  and  the  dust  chambers  are  similar  to  those 
described  on  page  312.  The  stoneware  condensers  introduced  by  the 
chief  works  manager,  Mitter,  have  completely  replaced  the  iron  con- 
densers which  lasted  only  1  to  li  years,  whilst  the  stoneware 
condensers  last  for  any  length  of  time,  and  cost  only  one-third  as 
much  as  the  iron  condensers.  They  are  made  in  Floridsdorf,  near 
Vienna,  at  the  factory  of  Lederer  and  Nesseny. 


THE   EXTRACTION   OF    MERCURY    IX    RETORT    FURNACES 


The  extraction  of  mercury  in  retort  furnaces  is  not  to  be 
recommended  on  account  of  the  injurious  effects  of  the  mercury 
vapours  upon  the  workmen  engaged. 
The  losses  of  mercury  are  moreover 
no  less  than  in  modern  shaft  and  re- 
verberatory  furnaces,  their  only  advan- 
tage being  that  their  first  cost  is  less 
than  that  of  the  latter  furnaces.  On 
the  other  hand,  the  working  costs  are 
higher  on  account  of  their  smaller 
capacity.  The  material  of  the  vessels 
and  of  the  condensers  is  cast-iron. 
These  furnaces  have  been  used  for  a 
while  in  Idria  and  California,  but  are 
probably  nowhere  in  use  at  the  present 
day.  At  Idria  the  furnace  of  Von 
Patera  was  used  for  a  while  experi- 
mentally.    Its  construction   is   shown 

in  Figs.  257  and  258.^  A  is  the  muffle,  23i  inches  broad, 
29i  inches  long  and  9  inches  high ;  c  is  the  condenser  made  of  sheet 
iron  provided  with  an  inclined  floor  along  Avhich  the  condensed 
mercury  runs  towards  the  pipe  d,  through  which  it  enters  the 
collecting  pan  placed  beneath  it.  From  this  condenser  the  gases 
and  vapours  pass  through  an  iron  pipe  into  a  system  of  clay  pipes 
and  thence  into  the  stack  :  /  and  h  are  openings  for  cleaning  out 
the  condenser,  which  can  be  closed  b}"  means  of  clay  plugs ;  g  is  o, 

1  Oedtrr.  ZeitseJir.,  1874,  p.  291  ;  .Berfj.  und  Hiitt.  Zt<j.,  1874,  pp.  91,419. 
VOL.   II  Y 
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short  branch  pipe  in  which  a  gold-leaf  is  suspended ;  in  normal 
working,  this  may  not  show  any  coating  of  mercury ;  i  is  a  short 
branch  into  W'hich  a  thermometer  can  be  inserted.  The  air  required 
for  oxidation  is  introduced  through  openings  a.  The  charge  of  the 
muffle  is  said  to  have  amounted  to  1  cwt.  of  ore.  The  output,  when 
ores  containing  \o  to  3"6  per  cent,  of  mercury  were  treated,  is  said 
to  have  amounted  to  90  per  cent.,  whilst  in  the  furnaces  at  present 
in  use  at  Idria,  the  output  amounts  to  91*75  per  cent. 

At  the  Missouri  Mine,  near  Pine  Flat,  and  at  the  Lost  Ledge 
Mine,  in  California,  retort  furnaces  were  used.^  The  furnaces  at  the 
Missouri  Mine  contained  either  two  or  three  cast-iron  retorts  9  feet 


Fig.  258. 


6  inches  long,  12'5  inches  high  and  19  inches  broad  These  were 
charged  with  2i  cwt.  to  3  j  cwts.  of  ore,  containing  from  1  to  2  per  cent. 
of  mercury.  In  24  hours,  10  cwts.  to  1  ton  of  ore  were  treated.  The 
consumption  of  fuel  per  furnace  was  about  3|  cords  of  wood  i)er 
24  hours  on  the  average.  The  gases  and  vaj)ours  were  conveyed 
through  an  iron  pipe  into  iron  boxes  open  below,  which  dipped  into 
an  iron  tank  filled  with  water.  In  this  tank,  which  was  3  feet  long, 
24  inches  broad  and  24  inches  high,  the  mercury  was  condensed.  The 
furnaces  and  condensing  appliances  at  the  Lost  Ledge  Mine  were 
similar  except  that  the  retorts,  of  which  there  were  three  in  a  furnace, 
were  smaller,  being  only  5  feet  long  and  holding  only  183  lbs.  of 
ore.  They  were  charged  every  4  hours.  In  24  hours  such  a  furnace 
treated  about  \\  tons  of  ore. 


1   Trams.  Am.  Iiidl.  Mii'j.  Emji-^:,  1^75,  vol.  iii.,  p.  -JTU. 
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The  ExTTiACTioN  of  Mercury  by  Heating  Cinxabar  with 
Lime  or  Iron  in  the  Absence  of  Air 

This  method  of  mercury  extraction  has  the  advantage  that  the 
vapours  of  that  metal  are  obtained  in  a  concentrated  condition,  and 
are  therefore  readily  condensed.  The  lirst  cost  of  the  furnace  and 
condensers  required  is  also  lower  than  of  those  needed  for  the 
extraction  of  mercury  by  heating  cinnabar  in  the  air.  On  the  other 
hand,  the  residues  contain  more  mercury,  so  that  the  output  is  thus 
reduced  and  the  process  gives  no  better  results  even  with  the  most 
careful  work  than  can  be  obtained  with  the  other  method.  The  costs 
of  working  are  very  high,  in  consequence  of  the  necessity  for  employ- 
ing fluxes  and  for  previously  crushing  the  ore,  as  also  on  account  of 
the  high  consumption  of  fuel  and  the  small  output  of  the  retorts. 
The  costs  of  repairs  are  also  high  in  consequence  of  the  retorts  be- 
coming rapidly  destroyed.  The  greatest  disadvantage,  however,  may 
be  considered  to  be  the  injurious  effect  of  the  fumes  of  mercury  upon 
the  workmen.  Generally  speaking  the  process  is  unsuitable  for  poor 
ores,  and  for  rich  ores  it  is  in  no  way  cheaper  than  the  other  methods 
of  treatment,  whilst  for  hygienic  reasons  it  cannot  be  recommended 
even  for  rich  ores.  It  should  therefore  only  be  employed  when 
small  quantities  of  very  rich  ores  or  soot  are  to  be  treated,  and 
should  be  condemned  for  working  rich  ores  upon  a  larger  scale.  The 
retorts  in  which  the  cinnabar  is  decomposed  were  first  pear-shaped 
or  bell-shaped,  and  were  made  of  clay  or  cast-iron  ;  later  cast-iron 
alone  was  employed,  and  the  retorts  received  the  shape  of  those 
employed  in  the  distillation  of  coal-gas.  The  condensers,  which  were 
formerly  made  of  clay  at  some  works,  are  now  also  made  of  cast-iron. 
The  flux  required  for  decomposing  the  cinnabar  should  as  a  rule  be 
(piicklime  ;  iron  or  hammer-slag  have  only  been  used  exceptionally  for 
decomposing  the  ore.  Lime  acts  upon  cinnabar  at  a  red  heat,  as 
shown  by  the  following  equation  : — 

4HgS  +  4CaO  =  3CaS  +  CaSO,  +  4Hg, 

the  action  of  iron  being  as  follows  : — 

HgS  -f  Fe  =  FeS  -t-  Hg. 

The  process  has  been  employed  in  California,  in  Idria,  in  the 
Rhenish  Palatinate  and  in  Bohemia,  and  is  still  in  use  at  present  at 
Littai  in  Carniola,  and  at  Monte  Amiata  in  Tuscany.  It  Avas  given 
up  in  California  on  account  of  the  above  objections  in  the  year  1850, 
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and  from  that  date  up  to  1860  was  only  used  experimentally.^  It  was 
used  in  Idria  for  soot  and  rich  ores  up  to  1882.  At  Moschellandsberg, 
in  the  Rhine  Palatinate,  and  at  Horzowitz,  in  Bohemia,  it  has  been 
given  up  because  the  deposits  found  at  those  localities  have  been 
worked  out. 

At  the  American  Mine,  Pine  Flat,  California,^  ores  containing 
2  per  cent,  of  mercury  were  heated  in  cast-iron  retorts  of  the  shape 
of  gas  retorts  9  feet  in  length,  2  feet  in  width  and  18  inches  in 
height,  in  charges  of  150  lbs.,  with  the  addition  of  10  per  cent,  of 
lime;  500  lbs.  of  ore  were  put  through  in  12  hours.  Even  apart 
from  the  injurious  effects  upon  the  workpeople,  the  treatment  of 
such  poor  ores  in  retorts  must  be  condemned. 

At  Landsberg,  in  the  Bavarian  Palatinate,  pear-shaped  retorts 
were  at  first  employed ;  they  were  3  feet  3  inches  in  length,  with 
a  maximum  diameter  of  18  inches,  and  40  to  60  of  them  were 
placed  in  2  rows  in  a  galley  furnace.  The  condensers  were  pear- 
shaped  vessels  of  clay  16  inches  long  and  9|  inches  maximum 
diameter,  which  contained  a  certain  quantity  of  water.  The 
charge  consisted  of  44  lbs.  of  rich  ore,  44  lbs.  of  poor  ore,  and 
18  to  20  lbs.  of  burnt  lime  ;  such  a  charge  was  treated  in 
from  6  to  8  hours.  One  part  by  weight  of  mercury  was  obtained 
from  80  to  120  parts  of  ore  according  to  the  richness  of  the  latter, 
with  a  consumption  of  20  to  30  parts  of  coal.  In  1847  Ure  intro- 
duced retorts  of  the  shape  of  gas-retorts.  From  these  retorts  the 
vapours  were  passed  through  iron  tubes  into  boxes  half  filled  with 
water,  in  which  the  mercur}-  was  condensed.     The  tubes  dipped  for 

2  inches  below  the  surface  of  the  water.  The  charge  of  ore  for  a 
retort  amounted  to  5  cwts.,  and  it  was  worked  off  in  three  hours. 

At  Horzowitz,  in  Bohemia,^  the  ore  was  mixed  with  hammerslag 
and  treated  in  bell -shaped  vessels.  The  charge  was  55  lbs.  of  ore  and 
27  lbs.  of  hammerslag,  which  required  36  hours  for  their  treatment. 

At  Idria,  in  Carniola,  a  furnace  was  introduced  by  Exeli  in  1869' 
and  worked  up  to  1882  for  the  purpose  of  treating  finely  crushed  ores 
and  soot.  This  furnace,^  the  construction  of  which  is  shown  in  Figs. 
259  to  262,  contained  two  cast-iron  retorts, «,  7  feet  4  inches  long,  2  feet 

3  inches  broad,  and  1  foot  1  inch  high,  which  were  closed  at  the  back 
by  means  of  a  cast-iron  cover  coated  with  clay  ;  h  is  the  fire-grate.  The^ 
vapours  escaped  through  horizontal  tubes  t,  64  inches  in  diameter,  into 
vertical  tubes,  c,  of  the  same  diameter  and  5  feet  in  height,  which 
were  provided  with  discs  for  cleaning  them   out,  and  which   opened 

'   Eglestoii,  0)1.  cit.,  p.  11-2.  -  Egleston,  op.  cif.,  p.  Sll. 

■■•  Kerl,  Mttalluryk,  vol.  ii.,  p.  Nil.  ■*  Idriancr  Fe»t><c}irift  ;  Mitter,  Joe.  cit. 
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into  an  inclined  collecting  tube,  d,  9|  inches  in  diameter.  The  vertical 
condensing  pipes  and  the  collecting  tube  are  contained  in  a  wooden 
cooling  box  filled  with  water.  The  condensed  mercury  flows  through 
the  inclined  tube  d,  into  the  tube  z,  and  from  the  latter  into  a  closed 
receiver  q,  filled  with  water,  from  which  the  mercury  is  syphoned  off 
into  the  kettle  ^j.  The  uncondensed  gases  pass  through  the  middle 
tube  y  and  the  inclined  tube  x  into  the  dust  chamber  and  the  flue ;  s  is 


Fig.  259. 


a  vertical  shoot  through  which  the  distillation  residues  can  be  dropped 
direct  from  the  retorts  into  the  vault  h  or  into  the  waggons  which 
are  run  into  it.  In  these  furnaces,  fine  ore  with  10  per  cent,  of 
mercury,  and  soot  were  treated.  The  material  was  mixed  with  lime 
in  the  proportion  of  1-5  parts  of  caustic  lime  for  every  part  of 
mercury  contained  in  the  ores,  and  then  moulded  into  bricks  in  a 
special  press.  These  bricks  were  dried  and  charged  into  the  retort, 
which  held  108  bricks  at  a  time,  weighing  altogether  300  lbs.     This 
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charge  was  worked  off  in  from  4  to  6  hours,  according  to  the  ricli- 
ness  of  the  ores.  The  consumption  of  fuel  per  24  hours  amounted 
to  63'5  cubic  feet  of  wood  and  794  lbs.  of  lignite. 

At  Littai,  in  Carniola,  where  the  process  is  still  in  use,  a  furnace 
very  similar  to  the  Idrian  retort  furnace  is  employed.  Its  construc- 
tion is  shown  in  Figs.  263  to  266 ;  ^  a.  are  the  cast-iron  retorts,  h  is 
the  gi'ate,  cl  are  the  tubes  through  which  the  vapour  passes  into  the 
condensing  tubes  or  into  the  inclined  tube  ^ ;  /  is  the  cooling  tank, 


f 


Fig.  2''.1. 


Fig.  262. 


i  is  the  tube  for  carrying  off  the  uncondensed  gases  into  the  tube  l^ 
and  thence  into  the  dust  chamber  /.".  The  ores  contain  on  an  average 
3  per  cent,  of  mercury.  They  are  crushed  by  rolls  to  0*2  inch,  and  are 
charged  into  the  retorts  mixed  Avith  5  or  6  per  cent,  of  caustic  lime,  a 
retort  taking  a  2  cwt.  charge,  and  the  operation  lasting  6  hours.  In 
24  hours  16  cwts.  of  ore  are  treated.  One  hundred  and  seventy  parts 
by  weight  of  fuel  are  used  for  230  parts  of  ore,  the  fuel  consisting  of 
80  per  cent,  duff  and  20  per  cent,  pea  coal.  The  loss  of  mercury 
is  stated  to  amount  to  from  5  to  6  jDer  cent. 

At   the   smelting   works   at   Siele   and   Connacchino   at  Monte 
Amiata,-  ores  which  are  dressed  up  to  25  to  30  per  cent,  of  mercury 

'  Balling,  Mttallhiittenlnnulf,  p.  502. 
'-  Anil,  des  Mines,  18S8,  No.  4;  Btiy.  nnd  Hiitt.  Zl<j.,  LSS!),  Xo.  lH. 
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Section  on    C   O 


Fio.  203. 


^    Section  on  A  H 
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Fig.  265. 
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are  heated  in  retorts  with  lime.  The  arrangement  of  the  furnace, 
designed  by  Jaczinsky,  is  shown  in  Figs.  267  to  269  ;  a,  a  are  the  cast- 
iron  retorts  which  rest  throughout  their  entire  length  upon  a  flue  and 
are  surrounded  by  the  flame  travelling  in  the  direction  shown  by  the 
arrows.     To   distribute    the    flame   uniformly  through  the  heating 


-^l 


Fig.  200. 


«m^Vvw<\W/'/, 


Fig.  -jot. 


Fig.  268. 


chamber,  it  is  allowed  to  escape  into  the  stack  by  means  of  three 
vertical  flues,  of  which  there  is  one  above  each  retort.  The  mercury 
vapours  escape  through  the  cast-iron  pipe  c,  4f  inches  in  diameter, 
which  is  cooled  with  water,  into  a  wooden  box  c  filled  with  water,  the 
liquid  mercury  running  into  the  cast-iron  receiver/,  from  which  it 
flinvs  continuously  by  the  pipe  g.     The  uncondensed  vapoure  escape 
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through  the  tube  d  into  condensing  chambers,  in  which  there  is  a  C(jn- 
stant  spray  of  water,  and  thence  into  the  stack.  The  retorts  hold  4  to 
5  cwts.  of  ore,  and  88  lbs.  of  lime,  the  proportion  of  lime  being 
increased  in  the  case  of  pyritic  ores.     The  temperature  is  raised  up 


**>  )r:^y"l''^^i-;^^:fmn!^''^f'r^ 
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to  bright  redness,  and  the  treatment  of  the  charge  takes  7  to  8  hours. 
A  ton  of  wood  is  used  per  ton  of  ore.  When  the  percentage  of 
mercury  in  the  ores  amounts  to  30  j)er  cent.,  the  total  cost  of 
producing  2"2  lbs.  of  mercury  amounts  to  15  pence. 

The  Products  of  Mercury  Extraction 

The  products  of  the  process  of  mercury  extraction  are,  in  addition 
to  mercury,  mercurial  soot,  acid  water  and  distillation  residues. 
The  mercury  is  often  rendered  impure  by  mechanical  admixtures,  to 
remove  which  it  is  squeezed  through  canvas  or  leather.  Mercury  is 
sent  to  the  market  from  the  larger  works  in  bottles  of  wrought  iron 
with  screwed  stoppers.  Their  weight  when  empty  amounts  to  12  to 
14  lbs.  The  flasks  contain  76  lbs.  of  mercury  in  Europe  and  7 6 "5 
lbs.  in  California.  In  the  smaller  works  mercury  is  also  exported  in 
bags  made  of  two  thicknesses  of  leather. 

&oot 

Soot  (^' sttipp"),  as  already  mentioned,  consists  of  the  deposit  upon 
the  walls  of  the  condensers,  which  often  tbrms  in  considerable  quan- 
tities, consisting  of  a  mixture  of  finely  divided  mercury,  mercurial 
compounds,  carbonaceous  soot  produced  by  the  distillation  of  the 
fuels,  and  the  bituminous  and  other  impurities  of  the   ores.     The 
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percentage  of  mercury  in  the  soot  ma}-  reach  80  per  cent.  The 
composition  of  various  qualities  of  soot  from  various  sources  is  shown 
in  the  following  analyses  : — 

iDRIA. 

1  2^  3 

Hg 312  14-59  0-92 

HgS 27-33  1-83  3-40 

HgjSOg  ....      7-32  3-06  6-10 

According  to  Oser,-  soot  from  the  condensers  of  the  Idrian 
externally  fired  furnaces  contains : — 

per  cent. 

Mercurj-  l■emo^-able  bj-  pressure 40-95 

Non-removable  bj-  pressure,  and  in  the  form  of  salts  .    .  9-15 

Sulphuric  acid 1-39 

Mercuric  sulphide 4-32 

Carbon 3-31 

Ashes 9-33 

Water 31-55 

The  composition  of  soot  from  the  condensers  of  the  muffle  furnaces 
of  Patera,  called  by  him  mercury  hlack,  is  sho\\Ti  in  analysis  No.  1 ; 
that  of  the  flue  soot  from  the  flues  leading  to  the  stack  and  fol- 
lowing the  condensers,  is  shown  in  analyses  2  by  Patera,  and  3  by 
Teuber : — 

1  2  3 

Mercury 56-30  6-42  3-12 

Mercuric  sulphide 0  70  2*20  31-10 

Mercuric  sulphate 18-99  13-07  10-80 

Mercurous  chloride 2 '20  1-80  — 

Sulphuric  acid 1-10  4-80  — 

Magnesia —  1-10  — 

Lime 0-76  1-20  — 

Ferric  oxide  and  alumina     .    .    .     trace  0-80  — 

Calcic  sulphate 104  6-30  — 

Basic  ferric  sulphate 3-24  0-40  — 

Soot  and  tar 3-39  29-40  24-80 

Water 4-60  26-50  1030 

Ore  residues 11-41  3-80  — 

Ferrous  sulphate —  —  6-02 

Magnesic  sulphate —  —  7-50 

Sodic  sulphate —  —  1  -24 

Amnionic  sulphate —  —  0-54 

Silica —  —  2-20 

The  soot  from  the  condensing  chamber  of  the  shaft  furnace 
No.  IX.,  collected  in  1892,  had  the  following  composition  : — ^ 

Metallic  mercury 65  04   ==  65-04  Hg 

Mercuric  sulphide 6  97   =  6-00 

Basic  mercuric  sulphate 0"20  =  0*16 

Mercuric  sulphate 0  12  =  0-08 

Mercuric  chloride 0  08   =  0-06 

Mercurous  chloride 0'05   =  0-04 

71-38  per  cent.  Hg. 

1  Teuber,  Oesterr.  Zeifsch.,  1877,  p.  123;  Dingl.,  vol.  225,  p.  214, 
-  Dask.k.  Qiiecksilberbenjwerk  Idrin,  Vienna,  1891. 
■'  Janda,  Ovsterr.  Zeitsrhr.,  1894,  p.  268. 
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Alumina  and  ferric  oxide I'll' 

Ferrous  sulphide     .    , 0-94 

Lime      9*57 

Magnesia 0-4i> 

Sulphur  trioxide 9-lu 

Ammonia         )  p  .„ 

^  Hydrocarbons/ "    " 

Soot 1-98 

Silica ,    .    .    .    .  1-20 

In  1892,  samples  of  soot  were  taken  at  various  places  along  the 
course  which  the  gases  and  vajDours  traversed  through  the  furnace 
until  they  reached  the  stack  delivering  them  into  the  atmosphere, 
and  Avere  examined  for  their  contents  of  moisture  and  mercury.  The 
results  of  the  analyses  are  shown  in  the  following  table.  In  this 
No.  1  was  taken  from  the  flue  of  the  shaft  furnace,  Nos.  2  and  3 
from  the  condensing  chamber  of  the  Czermak  furnaces,  No.  4  from 
the  flue  of  one  of  the  Czermak  furnaces,  Nos.  5  and  6  from  the  flue 
leading  to  the  fan,  and  Nos.  7  and  8  from  the  main  stack : — 


Number 

Moisture 

Percentage  of  Mercurj'  as 

1 

Total           1 
Mercury 
■     per  cent.  ] 

of  the                per  cent. 
Sample. 

Salts. 

Cinnabar.                 Metal. 

1  .    . 

2 

3  '.    '. 

14-8 
85-8 

0-20 

3-04 

trace 

0-16 
0-75 
0-69 
016 

18-83  43-17 
6-75  22  01 
4-00  18-00 
6-40  21-80 
9-68  3-76 
9-24                   4-16 

13-75  0-86 
9-35                   3-49 

62-20      : 

31-80         ! 
22-00 

4  .    . 

5  .    . 

6  .   . 

7.   . 
8  .    . 



40-2 

35-0 
65-9 

28-20 
13 -6o 
14-15 
15-30 
13-00 

The  proportion  of  mercuiy  respectively  contained  by  the  salts, 
cinnabar,  and  metal  of  the  various  samjales  was  therefore  distributed 
as  follows  : — 


Number 
of  the 

Percentage  of  the  total  Mercuiy  jiresent  in 
the  form  of 

Sample. 

Salts.                  Cinnabar. 

1 

Metal. 

1  .    ,              - 

0-32                 30-28 

69-40 
69-22 
81-81 
77 -.30 
27-65 
29-40 
5-62 
26-84 

o 

9-55 
trace 

1-17 
5-30 
4-51 
1-23 

21-23 
18-18 
22-69 
71-18 
65-30 
89-87 
71-92 

3  . 

4  . 

5  . 

6  . 

7. 
8  . 
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Soot  from  Almaden  ha^  the  following  composition  : — ^ 

Soot  from  Clay  Soot  from  Iron 

condensing  tubes.  condensing  tubes. 

Per  cent.  Per  cent. 

^Merciu-y  as  metal 66  44 

Mercurous  chloride IS  3*3 

Mercuric  sulphide 1  6'3 

Ferrous  sulphate —  -2'S'5 

Aluniinic  sulphate —  '  ij.-- 

Potassic  sulphate —  f        '-* 

Animonic  sulphate 3 '5  — 

Calcic  sulphate 1*  0-9 

Carbon 5  4'8 

Sulphuric  acid 2'o  — 

Water 2'5  — 


TJie  Treatment  of  Soot 

Mercury  is  extracted  from  soot,  firstly  by  j^'^'^ssing  the  latter, 
whereby  a  considerable  jDortion  of  mercury  is  made  to  flow  out,  and 
secondly,  by  treating  the  residues  thus  obtained,  either  together 
with  ores  or  by  themselves,  in  distillation  furnaces.  Soot  is  pressed 
either  by  hand  or  by  machinery.  To  promote  the  removal  of  the 
mercury,  lime  or  ashes  are  added  to  it.  The  best  method  of  pressing 
soot  consists  in  treating  it  in  pans  provided  with  stirrers  or  in 
cylinders,  which,  on  a  large  scale,  are  driven  by  machinery. 

At  Almaden,^  the  soot  is  worked  upon  an  inclined  wooden  surface 
with  hoes  until  no  more  mercury  flows  off.  The  residues  that  are  then 
left  are  moulded  into  bricks  and  treated  with  the  ores.  This  rubbing 
up  of  soot  in  the  above  Avay  was  also  carried  on  at  Idria  and  in  the 
Californian  Works,  but  on  account  of  its  being  injurious  to  the  health 
of  the  Avorkmen,  has  been  given  uj)  for  a  considerable  time.  For 
example,  at  the  Redington  Mine,  in  California,^  soot  was  treated  in 
this  Avay,  the  residues  being  heated  in  retorts  with  lime.  At  New 
Almaden  the  soot  was  first  treated  as  above.'*  As  soon  as  no  more 
mercury  could  be  extracted  in  this  way,  lime  was  added  and  the 
rubbing  continued,  when  another  portion  of  mercury  was  obtained. 

At  Idria,  the  soot  presses  designed  by  Exeli  are  at  present  em- 
ployed. Their  construction  is  shown  in  Figs.  270  and  271.  They  con- 
sist of  iron  cylinders  with  a  V-shaped  bottom.  The  diameter  of  the 
cylinder  in  the  clear  amounts  to  4-  feet,  the  height  to  17  inches. 
Through  the  middle  of  the  cylinder  passes  a  vertical  shaft  ?'.',  to  the 
upper  end  of  which  are  attached  4  arms  at  right  angles  to  each 
other,  these  arms  being  IH  inches  above  the  bottom  of  the  ap- 

1  Bery.  ^md  Hiitt.  Jalirh.  der  k.  k.  .Voiiianhhraihifalten,  Vienna,  1879,  p.  81. 

-  Ibid.,  vol.  xxvii.,  p.  46.  '  P]gleston,  op.  cit.,  p.  850. 

■*  Kgleston,  o^;.  '//.,  p.  834. 
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paratus.  To  these  arms  are  bolted  knives  z,  3  inches  broad  and  0"3 
to  0'4  inch  thick.  To  the  bottom  of  the  apparatus,  7  or  8  vertical 
knives,  o,  of  the  same  dimensions,  are  so  attached,  that  when  the 
arms  revolve  the  movable  knives  z  pass  close  to  the  fixed  knives,  and 
thus  press  the  soot  together  and  force  it  upwards.  In  the  lowest 
portion  of  the  apparatus  there  are  25  apertures  of  0"4  inch 
diameter,  through  which  the  mercury  flows  away  as  fast  as  it  is 
pressed  out.  These  openings  readily  become  stopped  up  and  must 
be  kept  open  during  the  operation  by  means  of  a  stout  wire.  It  is 
important  that  the  bottom  ends  of  the  movable  knives  should  touch 
the  bottom  of  the  apparatus,  and  when  they  are  worn  they  should  be 
immediately  replaced  by  new  ones,  otherwise  a  layer  of  soot  forms 
upon  the  bottom  of  the  apparatus  which  stops  up  the  holes  through 
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which  the  mercury  shovild  escape.  When  the  shaft  is  set  in  motion 
the  mercury  is  squeezed  out  from  the  soot  mixed  with  lime,  and 
collects  in  the  lowest  portion  of  the  bottom,  whence  it  runs  through 
the  above-named  openings  into  the  receiver  g  standing  beneath  it. 
The  soot  residues  are  also  collected  in  a  box  placed  beneath  the 
apparatus.  The  weight  of  a  charge  of  soot  depends  upon  the  amount 
of  mercury  and  of  moisture  contained  in  it,  and  varies  between  44 
and  110  lbs.  The  quantity  of  lime  to  be  added  depends  upon  the 
same  conditions.  More  must  be  added  to  soot  rich  in  mercury  than 
to  poor  soot,  the  amount  varying  between  17  and  30  per  cent,  of  the 
weight  of  the  soot ;  the  lime  is  not  added  all  at  once,  but  in  small 
quantities  during  the  course  of  the  operation.  The  speed  of  revolu- 
tion is  at  first  low,  and  rises  gradually  from  12  to  40  revolutions  per 
minute.  After  20  minutes  the  knives  ought  to  commence  to  lift  the 
soot  from  the  bottom  of  the  apparatus  and  to  throw  it  up.  Generally 
speaking,  the  soot  is  sufficiently  well  pressed  when  the  residues  begin 
to  agglomerate  into  pellets.  The  time  required  for  pressing  depends 
upon  the  richness  of  the  soot.  In  the  case  of  rich  material  it  lasts 
from  1|  to  1 ;}-  hours.     By  this  operation  from  70  to   80  j^er  cent,  of 
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the  mercury  contained  in  the  soot  is  separated,  the  remainder  of  the 
mercur\%  which  amounts  on  the  average  to  14  to  20  per  cent,  of  the 
weight  of  the  residues,  being  obtained  by  distilling  these  residues 
together  with  ores.  A  sample  of  pressed  soot  from  shaft  furnace 
No.  VIII.,  taken  in  December,  1892,  contained  :— ^ 

Per  cent. 
Mercury  in  combinations  soluble  in  hydro- 
chloric acid 017 

Mercury  as  cinnabai- 2"9(J 

Metallic  mercury 14'98 

Total       .     .     .    18-11 

At  New  Almaden,  the  soot  was  treated  fi'om  1873  to  1887  ^  in  hemi- 
spherical cast-iron  pans  36  inches  in  diameter,  for  three-quarters  of  an 
hour,  by  constant  stimng  with  boiling  water  and  wood  ashes.  The  quan- 
tity of  the  latter  amounted  to  half  of  the  volume  of  the  soot.  The 
quicksilver  that  separated  out  was  drawn  off  by  means  of  a  syphon 
through  the  bottom  of  the  jjan.  The  residues  were  dried  and  treated 
together  with  the  ores  in  distillation  furnaces. 

A  cast-iron  pan  was  also  employed  at  the  Manhattan  Works. 
Above  the  pan,  of  a  capacity  of  1 20  gallons,  a  vertical  shaft  was 
carried  by  a  wooden  frame.  To  the  bottom  end  of  the  former, 
horizontal  wooden  arms  were  attached  carrying  iron  tines.  The 
soot  was  mixed  with  ashes  and  lime,  and  the  mass  was  stirred 
for  20  minutes,  at  the  end  of  which  time  all  the  mercury  that 
could  thus  be  removed  had  been  extracted,  and  the  mass  was 
completely  dry.  The  mercury  was  drawn  off  by  means  of  a  pipe 
at  the  bottom  of  the  pan  and  the  residues  were  distilled  in  re- 
torts. At  present,  at  New  Almaden,  wet  and  semi-fluid  ^  soot  is 
stiffened  by  mixing  with  half  its  volume  of  wood  ashes  upon  a 
rectangular  asphalted  floor,  20  feet  long  and  9  feet  broad,  which  is 
hollowed  and  at  the  same  time  inclined  to  one  of  its  shorter  sides ;  a 
paiste  is  thus  obtained  which  is  transferred  in  buckets  to  the  press, 
consisting  of  a  cast-iron  pan  of  40  inches  diameter  at  its  upper  wider 
end.  In  it  there  stands  a  vertical  shaft  with  4  plough-shaped 
stiiTcrs.  The  mass  is  stirred  for  li  hours,  the  stiiTers  making  40 
revolutions  per  minute,  at  the  end  of  which  time  no  more  mercury 
flows  out.  The  mercury  is  drawn  off  by  means  of  a  syphon  at  the 
bottom  of  the  pan.  The  residues  are  drawn  off  into  a  box  standing  below 
the  pan,  through  a  larger  opening  in  the  bottom  of  the  pan,  which  is 

'  Janda,  op.  '-If,,  p.  269.  -  Egleston,  op.  rif.,  p.  884. 

^  Egleston,  op.  cit.,Tp.  882. 
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kept  closed  during  the  course  of  the  operation  by  means  of  a  valve. 
14  per  cent,  of  the  mercury  contained  in  the  soot  i-emains  in  the 
residues,  which  are  treated  by  distillation ;  it  is  impossible  to  remove 
the  whole  of  the  mercury  from  the  soot  by  pressing  alone. 

The  residues  contain,  according  to  the  method  of  pressing  em- 
ployed, variable  quantities  up  to  40  per  cent,  of  mercury.  For  example 
in  Idria  ^  the  residues  obtained  by  pressing  in  the  years  1890  to  1892 
contained  14-89  per  cent,  of  the  entire  output  of  mercury.  In  order 
t(j  extract  this  mercury  from  the  residues,  the  latter  must  therefore 
be  subjected  to  a  further  treatment.  This  consists  in  distilling  the 
residues  in  the  same  way  as  the  ores  in  the  various  furnaces  used  for 
ore  treatment,  as  a  general  rule  mixed  with  ore,  and  more  rarely  by 
themselves.  At  Almaden,  the  soot  residues  are  moulded  into  bricks, 
and  are  treated  with  the  ores.  At  Idria,  the  residues  were  treated 
for  a  while  in  retort  furnaces  ;  now,  however,  they  are  distilled  with 
the  ores  in  shaft  and  reverberatory  furnaces.  When  soot  residues 
were  distilled  in  retort  furnaces,  a  resinous  substance,  known  as  "  soot 
fat "  {stupp  fett),  condensed  in  the  receivers ;  it  consisted  chiefly  of 
hydrocarbons  mixed  with  only  small  quantities  of  mineral  substances. 
According  to  G.  Goldschmidt  and  M.  von  Schmidt,  32  kilos  of  stupp 
fett  only  contained  150  grammes  of  mineral  matter,  which  latter 
contained  70-85  per  cent,  of  mercury,  partly  as  metal,  partly  in  com- 
bination with  sulphur  together  with  iron,  manganese,  alumina,  lime 
and  magnesia.  Since  the  use  of  muffle  furnaces  has  been  discon- 
tinued in  the  year  1892,  no  more  of  this  dupp  fdt  has  been  j^roduced. 
For  treatment  in  shaft  furnaces  at  Idria,  the  soot  from  the  condensing 
chambers  of  the  flues,  together  with  the  residues  of  the  furnace  soot, 
were  mixed  with  ground  clay,  pressed,  and  moulded  into  lumps, 
which  were  treated  together  with  poor  coarse  ore.  The  coal  used  was 
mixed  with  a  certain  quantity  of  coke.  Further  quantities  of  resi- 
dues were  treated  in  the  Czermak  furnaces  and  in  the  reverberatory 
furnaces,  together  with  the  ores  suitable  for  treatment  in  these 
furnaces.  In  California  the  residues  are  worked  either  by  them- 
selves in  retorts  or  together  with  the  ores  in  the  furnaces  suitable  to 
the  various  grades.  In  New  Almaden,  in  the  year  1888, 18  per  cent, 
of  the  total  mercury  production  was  obtained  from  soot.  Recently 
at  Idria,  of  the  total  production  of  mercury,  including  a  loss  of  9  per 
cent.,  56  per  cent,  was  obtained  by  pressing  the  soot  and  15  per  cent, 
by  distillation  of  the  soot  residues. 

The  acid  water  from  the  condensers  contains  sulphuric  and  sul- 
phurous acids,  sulphates   of  iron,   mercury,  calcium  and  ammonia, 

1  Mitter,  lo<\  tit. 
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hydrocarbons, and  in  some  cases  small  quantities  of  hydrochloric  acid 

and  floured  mercury.     According  to  Janda/  the  acid  Avater  condensed 

in  the  year  1892  at  Idria  in  the  condenser  of  shaft  furnace  No.  X. 

had  the  following  c(>m])(>sition  : — 

Per  cent. 

Hg.,0 0-33 

FeO 14-38 

CaO 0-50 

SO3 1101 

SO., 1-97 

NH3 0-61 

HCl 006 

Condensible  hydrocarbons,  including  the 

acetic  acid  series 221 2 

Water  and  undetermined 481 2 

The  specific  gravity  of  this  water  was  1'65  at  15°  C.  If  the  acid 
water  contains  floured  mercury,  as  is,  for  instance,  the  case  at  New 
Almaden,  it  is  freed  from  it  by  filtration  through  charcoal.  The 
water  runs  off  clear,  leaving  a  black  slime  upon  the  filter.  The 
latter  is  dried  and  is  then  distilled,  together  with  the  ores. 

Distillation  Bcsidues.  When  the  operation  is  carried  on  properly, 
the  residues  are  so  poor  in  mercury  that  they  can  be  thrown  away. 
For  example,  the  residues  from  the  Idrian  shaft  furnaces  contained 
in  1877  2  0'002  per  cent,  of  mercmy,  and  those  from  the  rever- 
beratory  furnaces^  contained  0"006  per  cent,  in  1877,  0*0001  per 
cent,  in  1879,  and  in  1892  only  traces  of  mercmy. 

The  General  Arrangement  of  a  Mereury  Worhs 

As  an  example  of  the  general  arrangement  of  a  quicksilver  works 
with  modern  furnaces,  condensers  and  fan,  the  plant  at  Idria  may  be 
described.  The  ores  there  average  upon  the  whole  0"o  to  0'8  per 
cent,  of  mercury.  The  ores  were  formerly  divided  into  slimes,  fine 
ore,  coarser  ore  and  lump  ore,  but  now  the  4  following  divisions  are 
made  : — 

1.  Reicher  Urzgrics. — "  Rich  small  ore  "  with  about  0  per  cent,  of 
mercury.  This  is  divided  into  2  classes:  (1)  of  016  to  0'82  iuch 
mesh,  and  (2)  below  0'16  inch.  Both  grades  fare"  again  subdivided 
into  those  containing  more  than  10  i)er  cent.jind  those  containing 
less  than  10  per  cent,  of  mercury. 

1  Oe.sten:  Ziitsrh,-.,  1894,  p.  270.  -  Llrimicr  Ftsf.^chrift. 

•*  Idrianer  Festsdirift. 
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2.  Armer  Erzgries  pnm%. — '  Poor   small    ore    of   first    quality," 
containing  0*7  per  cent,  of  mercury  and  less  than  0'8  inch  in  size. 

3.  Armer  Erzgries  secimda.—"  Poor  small   ore  of  second  quality,' 
containing  0'4  per  cent,  of  mercury  and  0'8  to  1'2  inch  in  size. 

4.  Arme  Erzgroh. — "  Poor  coarse  ore,"  containing  0"3  per  cent,  of 
mercury,  and  1'2  to  4  inches  in  size. 

The  complete  analyses  of  the  various  grades  of  ore  were  as  follows 
in  the  year  1881 : — ^ 


Mercuric  sulphide  .  .  . 
Mercui'ous  chloride  .  . 
Basic  mercuric  sulphate 
Ferrous  carbonate  .  .  . 
Calcic  carbonate  .... 
Calcic  sulphate  .... 
Magnesic  carbonate  .  . 
Magnesic  .sulphate  .  .  . 
Iron  bi-sulphide  .... 

Alumina 

Phosphoric  acid  .... 
Aliiminic  silicate  .  .  . 
Ferrous  silicate    .... 

Silica  

Bitumen 

Water  and  loss    .... 


The  composition  in  1892 


HgS 

FeS.2 

FeCOa    .... 
CaCO;,    .    . 

MgCOa 

CaSO^ 

Mgso, : : : 

CaaPoOs 

Al.,03  (amorphous) 

SiO^ 

Bitumen 

Organic  matter  and  water  of 

crj-stallisation 2-53 

C'l        distinct  trace 


Slimes. 

Fine  Ore. 

Coarse  Ore. 

Per  cent. 

Per  cent. 

Per  cent. 

0-62 

1-25 

8-58 

trace 

trace 

0-22 

— 

— 

trace 

0-76 

3-17 

4-27 

35-75 

27-21 

14-71 

0-53 

1-46 

2-42 

27-17 

20-33 

4-20 

0-21 

0-55 

1-11 

4-24 

4-31 

5-09 

1-64 

1-61 

1  -30 

— 

— 

trace 

16-48 

22-75 

15-82 

— 

trace 

20  18 

11 -.52 

16-48 

17-64 

1-08 

1-63 

3-97 

— 

— 

0-49 

was  the  fo 

[lowing : — 

Rich  Small  Ore. 

Poor  Small  Ore. 

Poor  Coarse  Ore. 

I'er  cent. 

Per  cent.         ! 

Per  cent. 

6-74 

0-95         i 

0-38 

9-49 

11-64 

4-45 

2-52 

6-66 

4-76 

26-18 

27  13 

34-86 

16-69        1 

10-24 

24-92 

1-05 

2-93 

0-79 

0-44        ' 

0-74 

0-32 

0-75 

0-41 

0-32 

2  60 

4-80 

3-53 

30-04 

31-77 

23-82 

0-97 

0-70 

0-68 

2-03 


117 


The  ores  are  treated  by  heating  them  with  access  of  air  in  the 
furnaces  already  described.  The  rich  small  ore  is  treated  in  the 
Czermak  furnace,  the  poor  small    ore  of  first    quality  in    Czermak 

1  Idrianer  Festschrift,  Vienna,  1881.         -  Janda,  Oeslen:  Zeitschr.,  1894,  p.  267. 
VOL.   II  Z 
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furnaces  and  long-bedded  calciners,  the  poor  small  ore  of  second 
quality  and  the  poor  coai^se  ore  in  shaft  furnaces.  The  works  contain 
3  Czermak  furnaces,  8  long-bedded  calciners,  and  9  shaft  furnaces. 
The  practical  results  obtained,  which  have  already  been  set  forth 
under  the  heads  of  the  various  individual  furnaces,  together  with 
the  annual  mercury  production  of  the  furnaces,  is  shown  in  the 
following  table  of  the  results  obtained  in  the  year  1892  : — 


Class  of  Furnace. 


Grades  of  material 
treated. 


Amount 
treated 
per  day 

per  fur- 
nace. 


Wages. 


;  I  Soot 

I  per  100  Fuel  con.sump-  pro- 
per 10  kilos  (2  tion  per  10  tons  duc- 
tons  of  |cwt.)  of  of  ore.  tion. 

ore.     I    mer.    ' 


Mercury 

pro- 
duction. 


Tons. 
1215 


26-75 
6-6 


«.      d.i    s.      d. 

13    4    42    1 


Novak   shaft  fur-  Poor    coarse     ore 

naces and  soot  .... 

Czeniiak  furnace,  Poor  and  rich  small| 

Xo.  1 ore  and  soot    .    .  j  22 '46 

Czermak  furnaces,  Poor  small  ore  and 

Nos.  2  and  3  soot 

Calciners,   Nos.   1  Poor  small  ore  and 

to  6 soot 

Calciners,  Nos.    7  Residues  from  old 

and  8  ....  Leopoldi    fur- 

naces and  soot    .      6'8.")    23  10   11  fl 


cubic  feet.       \    %         Tons. 
58 -3  charcoal  0-5'  109-915 


17    9  I    5  10|130-7  wood 
14    0     19    l|106-6      ,, 
21    6     29    9  148-9      ,, 


3-3  204-272 

1-3  117-754 

1-9  71-257 

2  0  8-659 


The  temperature  at  which  the  gases  and  vapours  escape  from  the 
various  furnaces  ^  are,  upon  the  average  :  — 

Long-bedded  calciners      .     .     .     .     34-1    C. 

Czermak  furnaces 353'  C. 

Shaft  furnaces 22(5    to  233    C. 

In  Fig.  272  a  general  ground  plan  of  the  works  is  given,  showing 
the  connection  of  the  furnaces  with  the  condensers,  the  mode  of 
communication  of  the  various  condensers  with  the  underground 
central  condensing  chambers  and  the  connection  of  the  latter  with 
the  fans.  The  draught  was  first  produced  by  a  stack  alone  and  then 
bv  means  of  a  furnace  connected  with  the  stack,  but  recently  fans 
have  been  employed  for  this  purpose.  They  are  found  to  have  an 
especially  good  effect  upon  the  general  mode  of  working,  the  health 
of  the  men  engaged,  and  the  diminution  of  the  losses  of  mercury. 
There  are  two  fans,  one  of  which  is  in  reserve.  The  fans  were  first 
made  of  cast  iron,  then  of  varni.shed  sheet  iiou.  and  finally  of  sheet 
l)ras.s.  AH  these  materials  have,  however,  at  present  been  replaced 
by  others,  the  disc  of  the  fan  now  consisting  of  bras.s,  whilst  the  vanes 

'  Janda,  Otit'sfr.  Ziilsrhr.,  1894,  p.  -298. 
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are  made  of  sheet  cojDper ;  the  diameter  of  the  fan  is  8  feet  and  its 


speed  is  between  180  and  280  revolutions  per  minute,  producing  a 
normal  depression  of  0'7  inch   water  gauge.     The  cubical  contents 

z  2 
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of    the  various    condensers   and   flues   is   shown    in    the    following 
table  : — 


Vijlutiie  of  Condensers. 


Chambers. 


'  cubic  feet. 

Shaft  furnaces      33,568 

Czerinak  furnaces        ....  35,916 

Calciners  1  to  6 50,148 

Calciners  7  and  8 3,885 


Flues. 


cubic  feet. 

6,569 

2,013 

70f) 

74-_' 


TotaL 

cubic  feet. 

40,137 

37,929 

50,854 

4.627 


To  these  must  be  added  the  .space  common  to  all  the  furnaces, 


Underground  central  chambers   .    . 
Flues   connecting   the    calciners   and 

Czermak  furnaces  above  ground  .    . 
Flue  from  the  central  chamber  to  the 

fan  . 

Flue  from  the  fan  to  the  stack    .    .    . 


Chambers. 

Flues. 

Tot.il. 

cubic  feet. 
63,285 

cubic  feet. 

cubic  feet. 
63,285 

— 

20,236 

20,236 

— 

4,944 
18,576 

4,944 

18,576 

to 


The  total  contents  of  the  condensing  appliances  therefore  amount 

Chambers 186,802  cubic  feet 

Flues 53,786 


Total 


240,588 


The  gases  and  vapours  from  the  shaft  furnaces  enter  the  conden- 
ser at  a  temperature  of  114°  C,  and  leave  it  at  15°  C. :  those  from  the 
Czermak  furnaces  enter  with  a  temperature  of  109°  to  180°  C,  and 
•escape  at  21°  to  30°  C. ;  tho.se  from  the  calciners  enter  at  174°  C.  and 
■escape  at  25^  C.  A.ccording  to  Mitter,  the  average  of  the  mercury 
extracted  in  the  years  1890  to  1892  Avas  obtained  : — 

Per  cent. 

From  the  condensers  and  from  pressing  the  soot .     .  74G4 

From  the  residues  of  the  soot 14*89 

From  the  soot  collected  in  the  more  remote  flues 

and  chambers 5'22 

Loss  of  mercury 8*25 
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According  to  recent  communications   from  Mitter  in  Idria  the 
extraction  of  mercury  is  at  present  distributed  as  follows  : — 

Per  cent. 
No.  1.  Metallic  mercury  taken  direct  from  the  con- 
densers           20 

No.  2.  Obtained  by  pressing  the  soot 56 

No.  3.  Obtained  by  treatment  of  the  soot  residues 

(about)  15 
Loss  of  mercury „         ^ 

NikitcnvJca,  Russia  ^ 

These  works  were  started  on  a  working  scale  in  188G  to  treat 
cinnabar  ores  from  the  Carboniferous  formation.  These  ores  contain 
on  the  average  0"6  per  cent,  of  mercury.  They  are  broken  in  rock 
breakers  and  dropped  on  to  a  picking  belt,  on  which  about  16  per 
cent,  of  barren  rock  is  picked  out.  Lump  ores  in  sizes  up  to  that  of 
twice  a  man's  fist  are  treated  in  barrel-shaped  furnaces  of  16  feet 
6  inches  in  height  and  11  feet  6  inches  in  diameter  in  the  widest 
part,  the  ore  being  mixed  with  coal.  The  condensing  appliances 
consist  of  Y-shaped  pipes  made  of  cast  iron  lined  with  cement.  The 
small  ore  and  the  dust  from  the  dressing  works,  which  is  rich  in 
mercury,  together  with  the  soot  residues,  are  treated  in  furnaces 
similar  to  the  already  described  Idrian  Czermak  furnaces,  4  of  which 
form  one  block.  The  condensers  are  similar  to  those  already  de- 
scribed. The  soot  is  treated  in  rotating  barrels  with  lime,  whereby 
the  greater  portion  of  its  mercurj^  is  extracted.  The  output  of 
mercury  from  the  ores  is  given  as  0-563  per  cent.,  the  loss  of  mercury 
(hn-ing  treatment  at  12  per  cent.  The  (nit|>ut  of  mercury  in  the  year 
1891  amounted  to  291 1  tons.- 

The  Extraction  of  Mercury  from  Mercurial  Fahlores 

Mercury  is  obtained  as  a  bye-product  during  the  calcination  of 
mercurial  fahlores.  The  author  has  seen  mercury  obtained  in  this 
way  at  the  Stefan  Works,  near  Giillntz,  in  Upper  Hungary.  Anti- 
monial  fahlore,  containing  30  to  39  per  cent,  of  copper,  25  to  33  per 
cent,  of  antimony,  O'lO  to  012  per  cent,  of  silver,  and  0-52  to  17  per 
cent,  of  mercury,  with  an  average  content  of  1-63  per  cent,  of  mercury, 
is   there   treated  in  circular  stalls,  23  feet  in  diameter  and  6  feet 

1  Russian  Mining  Journal  {Gorni  Journal),  1891,  No.  20. 

2  Ernst,  Die  mineralischen  Bodenschatze  des  Bonetz-Gehietes,  Hanover,  1893. 
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6  inches  high,  which  arc  covered  over.  These  stalls,  the  lower 
portion  of  which  is  provided  with  diaught-holes  for  the  admission 
of  air,  contain'  67  to  70  tons  of  ore.  The  ores  are  piled  upon  a 
bed  of  cord-wood :  layers  of  wood  are  also  introduced  between  the 
ores  in  such  a  way  that  spaces  are  produced,  which  become  filled 
with  charcoal,  and,  after  the  latter  is  burned,  serve  as  air  flues. 
During  the  calcination  of  the  ore,  the  mercury  is  evolved  in  the 
metallic  state  and  is  condensed  in  the  topmost  layers  of  ore.  When 
the  latter,  in  the  course  of  continued  calcination,  get  heated,  fresh 
ore  is  piled  on,  into  which  the  mercury  is  then  driven,  and  where  it 
condenses.  After  the  completion  of  the  calcination,  which  lasts  3 
to  4  weeks,  the  upper  layers  of  ore  are  taken  off  and  washed  in  tyes 
for  the  extraction  of  the  mercur}^ .  The  mercury  obtained  is  distilled 
in  iron  retorts  and  then  packed  in  sheepskin  bags.  The  residues 
from  washing  and  from  distillation  are  treated  for  copper  and  silver. 
With  such  a  process  the  loss  of  mercury  by  the  escape  of  mercury 
into  the  air,  the  sides  and  the  floor  of  the  stalls  is  unavoidable. 

Extraction  of  Mercury  from  Metallurgical  Products 

The  chief  metallurgical  products  containing  mercury  are  soot 
and  the  amalgams  obtained  in  the  course  of  gold  and  silver  extrac- 
tion. The  process  of  soot  treatment  has  already  been  described. 
The  extraction  of  mercury  from  gold  and  silver  amalgams  when  these 
metals  are  obtained  by  amalgamation,  has  been  fully  considered  in 
Volume  I.,  pages  703  and  802.  Mercury  is  also  obtained  in  small 
quantities  from  the  flue-dust  resulting  from  the  calcination  of  blende 
rich  in  mercury,  as  also  from  the  slimes  of  the  lead  chambers,  in 
which  the  sulphur  dioxide  evolved  on  calcining  these  blendes  i^ 
converted  into  sulphuric  acid.  The  Swedish  blende  calcined  at 
Oberhausen  contains  02  per  cent,  of  mercury  according  to  Bellin- 
grodt.^  The  flue-dust  which  is  deposited  during  the  calcination  in 
the  dust  chambers  nearest  the  calcining  furnace  contains  67  per 
cent,  of  mercury,  the  slimes  of  the.  lead  chambers  into  which  the 
products  of  calcination  are  conducted  4  per  cent,  of  mercury.  Both 
these  bye-products  are  treated  for  the  mercury  they  contain.  The 
mode  of  treatment  is  not  mentioned,  but  it  is  probably  by 
distillation. 

The  ExTRAc'iiox  of  Mercury  ix  the  Wet  Way 

The   extraction  of  mercury  in  the  Met  way  has  been  repeatedly 
proposed,  l)ut  has  not  yet  been  intioduced,  nor  is  there  any  prospect 
'   C'fiem.  Zt<i.,  1886,  No.  68. 
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■of  its  introduction.  Sicvcking  ^  proposes  to  treat  ores  containing 
cinnabar  with  a  solution  of  cuprous  chloride  in  salt  in  the  presence 
of  a  granulated  alloy  of  copper  and  zinc  in  revolving  barrels.  Cinnabar 
is  thereby  decomposed  with  the  liberation  of  mercury  and  the 
formation  of  cupric  sulphide  and  cupric  chloride,  as  shown  by  the; 
•equation  : — 

Cu,Cl.,  +  HgS  =  CuCU  +  CuS  +  Hg. 

Metallic  mercuiy  amalgamates  with  the  copper-zinc  alloy,  and  can 
be  removed  from  the  latter  by  distillation.  This  process  does  not 
seem  to  have  been  satisfactory ;  the  use  of  cupric  chloride  was  found 
to  be  equally  unsatisfactory.  Alkaline  sulphides  containing  caustic 
alkalies  (see  page  253)  also  gave  unfavourable  results.  Solutions  of 
bromine  in  water  and  of  bromine  in  concentrated  hydrochloric  acid, 
which  had  been  proposed  by  R.  Wagner,^  have  not  come  into  use. 
Mercury  can  be  extracted  from  substances  containing  mercurous 
•chloride  by  solutions  of  hyposulphites. 

The  Electrolytic  Extraction  of  Mercury 

No  attempts  have  yet  been  made  to  extract  mercury  electroly- 
tically.  In  view  of  the  simplicity  of  the  other  methods  of  mercury 
extraction,  it  is  doubtful  whether  the  electrolytic  method,  admitting 
•even  its  possibility  in  the  case  of  poor  ores,  would  prove  more  advan- 
tageous than  the  dry  method,  in  spite  of  the  losses  in  the  latter.  It 
must,  however,  be  admitted  that  cinnabar  is  readily  soluble  in  solu- 
tions of  alkaline  sulphides  containing  caustic  alkalies,  and  that  the 
■electrolysis  of  the  solutions  of  mercury  sulphide  and  oxide  thus 
obtained  should  offer  no  difficulties,  and  would  not  require  any  very 
high  electric  tension. 

According  to  Brand,^  cinnabar  is  said  to  be  readily  decomposed 
at  the  anode  of  an  electric  circuit,  whilst  mercury  is  thrown  down 
at  the  cathode,  a  solution  of  conmion  salt  or  dilute  hydrochloric  acid 
being  employed  as  a  bath.  The  tension  in  the  bath  is  said  to 
amount  to  1  volt.  The  power  to  extract  1  kilogramme  of  mercury 
in  this  way  would  accordingly  amount  to 

1  volt  X  266'5  amperes      ^  ^  ,  ■,  i 

-650~Wattr>ro-75  "  =  ^'^'^  horse-power  per  hour, 

since  266'5  amperes  can  deposit  1  kilogramme  of  mercury  per  hour, 

^  Oesterr.  Zeifsrhr.,  1876,  No.  2  ;  Benj.  und  Hiitt.  Ztg.,  1876,  p.  169. 
-  Dingier,  vol.  218,  p.  254;  Cheni.  Centralhlatt,  1878,  p.  711. 
*  Danimer,  Chem.  Technologic,  vol.  ii.  ,p.  41. 
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and  since  one  horse-power,  assuming  12  per  cent,  of  loss  in  conver- 
sion, Avould  yield  not  735,  but  650  Watts,  and  since  the  loss  of  cuiTent 
by  conversion  into  heat,  by  short-circuiting,  kc,  amounts  to  25  per 
cent.  As  2  kilogrammes  of  coal  Avould  be  required  per  horse-power 
per  hour,  the  coal  consumption  per  kilogramme  of  mercury  would 
come  out  at  1*08  kilogrammes.  With  the  most  modern  steam 
engines,  the  loss  of  power  in  the  conversion  of  mechanical  work  into- 
electrical  energy  amounts  to  9  per  cent.,  and  in  the  d^-namo  to  6  per 
cent.,  making  a  total  of  15  per  cent.,  whilst  the  loss  of  current  in  the 
conductors  may  be  taken  as  10  per  cent.,  and  the  consumption  of 
coal  in  the  best  steam  engines  amounts  to  1  to  1"5  kilogrammes  per 
horse-power  per  hour.  Under  these  circum.stances  the  extraction  of 
mercury  in  the  above  manner  would  seem  to  be  not  altogether 
without  hopeful  possibilities. 

THE    .^rAXUFACTURE    OF    ARTIFICIAL    CINNABAR 

At  many  works  a  portion  of  the  mercury  extracted  is  converted 
into  artificial  cinnabar,  as,  for  instance,  at  Idria  in  Carniola.  A  short 
account  of  the  preparation  of  cinnabar  at  this  place,  as  far  as  it  is 
not  kept  secret,  will  accordingly  be  given.  Artificial  cinnabar  can  be 
produced  both  in  the  dr}'  and  wet  way.  In  the  dry  way  the  sulphur 
is  combined  directly  with  mercury.  For  the  production  of  cinnabar 
in  the  wet  Avay  metallic  mercury  or  compounds  of  mercury,  together 
with  sulphur,  are  treated  with  solutions  of  caustic  soda  or  potash, 
with  potassic  or  sodic  polysulphides,  with  amnionic  sulphide  or  with 
sodic  hyposulphite  at  suitable  temperatures.  Processes  for  the  j)i'0- 
duction  of  cinnabar  in  the  wet  wa}-  have,  for  example,  been  devised 
by  Kirchhoff,  Brunner,  Firmenich,  Liebig,  Martens,  Fleck,  Gautier- 
Piouchard,  Hansamaiiu,  and  Jean  Maire.  At  Idria  cinnabar  has  been 
produced  in  the  dry  Avay  for  a  long  time.  Since  1880  it  has  also- 
been  manufactured  in  the  wet  way  successfully';  nothing,  however, 
can  be  said  about  the  latter  process,  as  it  is  kept  secret. 

Cinnabar  is  produced  |^in  the  dry  way  at  Idria  by  mixing 
together  mercury  and  sulphur  in  revolving  barrels,  heating  the 
mixture  produced  in  iron  retorts  so  as  to  complete  the  combination 
of  sulphur  with  mercury,  volatilising  the  excess  of  sulphur,  and 
finally  subliming  the  cinnabar  thus  formed,  which  is  then  gTOund 
and  refined  by  being  boiled  with  a  solution  of  potash.  The  first 
operation,  or  the  mixing  of  sulphur  and  mercury,  is  known  as  amal- 
gamation or  the  preparation  of  the  //loor.  The  second  operation,  or 
iR'ating  the  mixture  in  retorts,  is  known  as  subliming  the  moor,  or 


MERCURY  345 

the  production  of  lump  cinnabar.  The  third  operation,  grinding  the 
huiip  cinnabar ;  and  the  last,  the  refining  of  cinnabar.  The  first 
operation  consists  in  mixing  pounded  sulphur  which  is  passed 
through  a  sieve  of  |  inch  mesh,  with  mercury  in  small  horizontal 
rotating  casks  made  of  elm,  with  internal  projecting  ridges.  IG  parts 
of  sulphur  are  added  to  84  parts  of  mercury  :  the  charge  for  a  barrel 
amounts  to  55  lbs.  The  barrels  make  60  revoluticjns  per  minute,  30 
to  the  right  and  30  to  the  left.  After  2  or  3  hours'  treatment,  the 
black  mass  thus  produced,  known  as  the  crude  moor,  is  removed 
from  the  barrels  and  submitted  to  the  second  operation.  The  second 
operation,  or  sublimation,  is  performed  in  cast-iron  or  pear-shaped 
retorts,  each  of  which  holds  114  lbs.  of  moor.  There  are  six  of 
these  retorts  in  a  reverberatory  furnace  heated  with  wood.  Three 
stages  are  distinguished  in  this  operation,  viz.  ahdamfen  ("  boiling 
off"),  stilcl'en  ("forming  lumps"),  and  svMwii rcn  ("  snhlmmtion"). 
In  the  first  stage  the  combination  of  sulphur  and  mercury  is  com- 
pleted ;  the  retorts  are  covered  with  hoods  of  sheet  iron,  the  necks 
of  which  point  upwards  and  project  from  the  arch  of  the  furnace. 
The  heat  is  raised  slowly,  and  in  fifteen  minutes  after  firing  has 
commenced  the  combination  of  sulphur  and  mercury  is  effected  with 
a  violent  detonation,  whilst  a  fiarne  is  projected  from  the  retort.  At 
the  commencement  of  the  second  stage,  which  now  follows,  the  sheet- 
iron  hoods  are  replaced  by  hoods  of  cla}-,  and  the  fire  is  gradually 
raised  for  2.^  hours,  during  which  time  the  excess  of  sulj)hur  is  vola- 
tilised. At  the  commencement  of  the  third  stage,  condensers  are 
attached  to  the  hoods,  which  are  also  made  of  clay,  and  the  fire  is 
raised  until  the  cinnabar  sublimes.  That  known  as  lump  cinnabar 
deposits  first  in  the  cooler  portions  of  the  condensers  and  afterwards 
in  the  hoods,  this  sublimation  lasting  about  4  hours.  It  is  complete 
when  flames  of  burning  sulphur  are  visible  from  time  to  time  about 
the  hood  and  condenser.  The  latter  are  now  removed,  and  after  the 
greater  portion  of  the  cinnabar  has  been  extracted  from  them  they 
are  broken  into  pieces  and  the  fragments  are  carefulh*  cleaned  from 
any  cinnabar  that  may  adhere  to  them.  Lump  cinnabar  and  scrapings 
are  thus  obtained,  the  latter  being  added  during  the  next  sublima- 
tion. Of  the  lump  cinnabar  70  per  cent,  is  obtained  from  the  hoods, 
25  per  cent,  from  the  first,  and  5  per  cent,  from  the  second  condenser. 
The  lump  cinnabar  is  ground  under  water  to  prevent  any  loss  of  dust, 
and  to  obtain  it  in  the  form  of  as  uniform  a  powder  as  possible.  The 
mill  consists  of  a  fixed  stone  and  a  horizontal  stone  runner,  the  latter 
revolving  in  a  w^ooden  casing  at  the  rate  of  40  revolutions  per  minute. 
The  ground  ciimabar,  known  as  vermilion,  flows  from  a  sj)out  into  a 
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clay  vessel  placed  beneath  it.  If  a  lighter  shade  of  cinnabar  is  rc- 
<|uired,  it  must  be  ground  repeatedly,  uja  to  five  times.  At  each 
fresh  grinding  the  distance  between  the  grindstones  is  decreased. 
Three  gi-ades  of  vermilion  are  made,  viz.,  bright  red,  dark,  and 
Chinese  vermilion.  To  improve  its  colour,  vermilion  is  subjected 
to  what  is  known  as  refining.  This  consists  in  boiling  the  vermilion 
with  a  solution  of  potash  of  10°  to  13^  B.  in  cast-iron  kettles.  The 
charge  for  each  consists  of  2  cwt.  of  vermilion  and  48  to  50  lbs.  of 
lye.  The  boiling  lasts  for  ten  minutes.  At  the  end  of  this  time 
the  vermilion  is  allowed  to  settle,  and  it  is  then  ladled  into  tanks. 
The  lye  that  is  left  in  the  kettle  is  used  to  treat  two  charges  more. 
The  vermilion  is  repeatedly  washed  with  hot  water  in  the  tanks,  and 
then  freed  from  excessive  water  by  filtering  through  canvas.  It  is 
finally  dried  in  clay  pans  at  a  temperature  of  62°  to  88'  C.  The  dry 
vermilion  is  crushed  mider  wooden  hand-rolls,  and  is  then  sent  into 
the  market  packed  in  sheepskins  or  in  bags.  The  production  of 
cimiabar  in  the  wet  way,  as  already  mentioned  is  kept  secret. 
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Physical  Properties 

Bismuth  has  a  characteristic  reddish-white  colour  and  high 
histre.  It  crystallises  in  the  hexagonal  system  in  obtuse  rhombo- 
hedra  with  an  angle  of  87°  40',  which  have  the  appearance  of  cubes. 
Its  fracture  is  coarsely  crystalline.  Its  hardness  is  low,  between 
2  and  2'5,  and  it  is  so  brittle  that  it  can  be  pounded.  Molten 
bismuth  expands  on  solidifying  by  235  per  cent.  According  to 
Roberts,  the  specific  gravity  of  solid  bismuth  is  9"82,  of  fluid  bismuth 
10"055.  The  melting  point  of  bismuth  is  given  by  Rudberg  and 
Riemsdijk  as  268-3°  C. ;  by  Person  as  270-5°  C.  Ledebur  found  that 
commercial  bismuth  melts  at  260'"  C.  According  to  Classen  pure 
bismuth  produced  by  electrolysis  melts  at  264°  C.  At  a  high  tem- 
perature molten  bismuth  volatilises ;  its  boiling  point  has  not  been 
exactly  determined,  but  according  to  Carnelly  it  lies  between  1,090" 
and  1,450°  C.  Bismuth  has  the  lowest  thermal  conductivity  of  any 
of  the  metals  ;  it  amounts  to  18  compared  to  that  of  silver  taken  as 
1,000.  Regnault  gives  the  specific  heat  of  bismuth  between  0"  and  • 
100"  C.  as  0-0308.     The  linear  expansion  of  bismuth  by  heat  between 

0°  and  100°  C.  amounts  to    0-001341  =  ^  of  its  length  at  0°  C, 

746  ° 

according  to  Calvert  and  Johnson.  The  electric  conductivit}'  of  bis- 
muth is  1*19  at  13*8°  C.  according  to  Matthiesen,  that  of  silver  at  0° 
being  taken  as  100.  Bisnnith  is  the  most  strongly  diamagnetic  of 
all  bodies. 

Commercial  bismuth  is  generally  rendered  impure  by  an  admix- 
ture of  foreign  bodies,  chiefly  silver,  lead,  copper,  arsenic,  iron,  nickel, 
cobalt  and  sulphur,  at  times  also  thallium  and  tellurium,  which 
affect  the  above-named  physical  characteristics.  When  impure 
bismuth  is  melted  and  allowed  to  solidify,  in  the  act  of  solidification 
numerous  globules  of  pure  bismuth,  or  in  the  case  of  the  presence  of 
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lead  and  silver,  of  bismuth  alloyed  with  these  metals,  are  extruded. 
Pure  bismuth  does  not  show  this  phenomenon.  It  depends  upon 
the  fact  that  the  alloys  of  bismuth  with  bodies  other  than  lead  and 
silver  expand  on  solidification,  and  therefore  expel  the  bismuth,  or 
the  alloys  of  bismuth  with  lead  and  silver,  which  will  still  be  fluid, 
on  account  of  their  low  melting  point.  This  phenomenon  must  be 
borne  in  mind  in  taking  samples  of  bismuth. 

The  Chemical  Properties  of  Bismuth  and  its  Compounds 
that  are  of  importance  in  its  extraction 

Bismuth  is  not  affected  in  the  air  at  ordinary  temperatures. 
Heated  in  the  air,  it  is  covered  shortly  before  melting  with  a  grayish- 
black  coating  of  bismuthous  oxide  ;  if  the  heating  is  continued  up 
to  redness,  a  film  of  bismuthic  oxide  forms,  Avhich  is  yellow  or  gi'een 
in  the  case  of  pure  bismuth,  but  has  a  violet  or  blue  colour  if  the 
metal  is  impure.  At  bright  redness  it  burns  with  a  bluish  flame 
to  bismuthic  oxide,  which  appears  in  the  form  of  a  3'ellow  smoke. 
Water  free  from  air  does  not  affect  bismuth  at  ordinary  temperatures  ; 
when  containing  air  it  affects  it  slowly,  converting  it  into  a  basic 
carbonate.  Water  vapour  is  decomposed  by  bismuth  only  at  a  white 
heat,  and  then  but  slowly.  Bismuth  combines  directly  with  chlorine, 
bromine  and  iodine.  Nitric  acid  and  aqua  regia  dissolve  bismuth 
readily.  Dilute  sulphuric  acid  and  cold  sulphuric  acid  do  not  attack- 
it  ;  it  is,  however,  dissolved  by  hot  concentrated  sulphuric  acid  with 
the  formation  of  bismuthic  sulphate  and  the  evolution  of  sulphur 
dioxide.  Dilute  hydrochloric  acid  does  not  attack  it ;  hot  concen- 
trated acid  dissolves  it,  but  Avith  ditHcuIty.  Bismuth  is  precipitated 
as  metal  from  solutions  of  its  salts  by  metals  of  the  alkalies  and 
the  alkaline  earths,  zinc,  manganese,  iron,  nickel,  cadmium,  copper, 
tin  and  lead. 

Oxides  of  Bismuth 

Bismuth  forms  four  compounds  with  oxygen,  viz.,  bismuthous 
oxide  (Bi^O.,),  bismuthic  oxide  (BioO.),  bismuth  tetroxide  (BigO^), 
and  bismuthic  anhydride  (BioO^).  Bismuthous  oxide  (BioOg)  is 
obtained  in  the  form  of  a  brown  precipitate  Avhen  a  mixture  of 
solutions  of  bismuthic  and  stainious  chlorides  is  pt)ured  into  dilute 
solution  of  caustic  potash.  When  dried  and  heated  in  the  air  it 
burns  to  bismuthic  oxide.  Bismuthous  oxide  is  produced  in  the  dry 
way  as  a  giayish  black  powder  when  metallic  bismuth  is  heated  in 
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the  air  to  near  its  melting  })()iiit.  In  nioist  air  it  becomes  more 
hi^•hly  oxidised,  and  when  heated  in  the  air  is  transformed  into 
yellow  bismuthic  oxide.  Bismuthic  oxide  is  obtained  by  oxidising 
the  metal  at  a  red  heat,  by  heating  bismuthic  nitrate  or  carbonate, 
as  also  by  precipitating  bisnnithic  hydrate  from  a  solution  of  the 
nitrate  by  a  solution  of  })otash  oi-  soda,  and  heating  the  solution  to 
boiling.  Bismuthic  oxide  is  a  yellow  powder  soluble  in  nitric,  h}-dro- 
chloric  and  sidphuric  acids.  It  melts  at  a  red  heat  to  a  reddish 
brown  Huid,  which  solidifies  to  a  yellow  crystalline  mass.  Bismuthic 
oxide  shares  this  property  of  fusibility  with  lead  oxide.  Bismuth 
can  therefore  be  cupelled  off  from  silver  in  the  same  way  as  lead. 
As,  however,  bismuth  is  more  difficultly  oxidisable  than  lead,  the 
lead  may  be  partly  cupelled  off  from  bismuth  :  on  the  other  hand, 
bismuthic  oxide  is  much  more  readily  reduced  to  metal  than  lead 
oxide,  so  that  molten  bismuthic  oxide  is  reduced  to  the  metallic  state 
by  lead.  Bismuthic  oxide  is  reduced  to  bismuth  on  a  large  scale  by 
means  of  carbon.  This  oxide  show\s  in  its  chemical  affinities  great 
similarity  with  the  corresponding  oxide  of  antimony.  It  has  but 
little  affinity  for  acids ;  its  salts  are  decomposed  by  the  addition  of  a 
large  volume  of  water,  with  the  formation  of  basic  salts.  Bismuth 
tetroxide  (Bi^O^)  corresponds  with  antimony  tefcroxide,  and  may  be 
looked  upon  as  bismuthic  bismuthate  (BiOBiOg).  It  is  obtained  by 
melting  bismuthic  oxide  with  caustic  potash  in  the  air,  by  igniting 
bismuthic  oxide,  caustic  potash  and  chlorate  of  potash  in  a  silver 
crucible,  as  also  by  treating  bismuthic  oxide  suspended  in  water  with 
caustic  potash  and  chlorine  until  the  mass  assumes  a  yellowish  red 
colour.  If  chlorine  is  passed  for  a  further  period  into  the  solution, 
compounds  of  the  alkaline  bismuthate  with  bismuthic  acid  form.  By 
digestion  in  dilute  nitric  acid  and  washing,  bismuthic  acid  (HBiO^) 
can  be  separated.  Bismuthic  anhydride  (Bi^Og)  is  obtained  by 
heating  bismuthic  acid  to  130°  C.  If  heated  still  further,  bismuthic 
anhydride  evolves  oxygen.  It  is  also  decomposed  by  sulphuric  acid 
and  hydrochloric  acid,  with  the  evolution  of  oxygen  or  chlorine. 

Chlorides  of  Bismuth 

Bismuth  forms  tAvo  compounds  with  chlorine,  viz.,  bismuthous 
chloride  (Bi.,Cl4)  and  bismuthic  chloride  (BiClg).  Bismuthous  chlo- 
ride is  obtained  by  heating  pulverised  bismuth  with  mercurous 
chloride,  or  by  melting  bismuthic  chloride  and  bismuth  together.  It 
forms  a  black  substance  which  attracts  moisture  from  the  air,  and  is 
decomposed  by  w^ater  and  by  dilute   mineral   acids.     When  heated 
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more  strongly,  it  is  decomposed  into  volatile  bisinuthic  chloride  and 
bismuth. 

Bismuthic  chloride  (BiCl^)  is  obtained  bv  heating  bismuth  in 
chlorine  gas,  by  heating  pulverised  bismuth  with  mercuric  chloride, 
and  by  dissolving  bismuthic  oxide  in  hydrochloric  acid.  It  forms 
a  white  mass,  deliquescent  in  air,  which  is  volatile  at  427^  to 
439°  C.  It  is  decomposed  by  water,  and  if  a  sufficient  quantity  of 
water  is  employed,  the  whole  of  the  bismuth  present  is  precipitated 
as  oxychloride  in  accordance  with  the  equation  : — 

BiClg  +  H/J  =  BiOCl  +  2HC1. 

The  oxychloride  forms  a  dazzling  white  powder,  which  was  formerly 
used  as  a  cosmetic. 

O.qj-Scdts  of  Bismuth 

Of  the  oxy-salts  of  bismuth,  the  sulphate  and  nitrate  are  the 
most  important.  There  are  several  compounds  of  bismuth  with 
sulphuric  acid  which  can  be  produced  by  dissolving  bismuthic  oxide 
in  sulphuric  acid.  From  some  of  these  compounds  water  precipitates 
basic  bismuthic  sulphate.  Bismuthic  sulphate  is  decomposed  on 
heating,  although  imperfectly,  into  the  oxide  and  sulphur  trioxide,  or 
sulphur  dioxide  and  oxygen.  Bismuthic  nitrate  Bi(N0.^)3  is  obtained 
by  dissolving  bismuth  in  nitric  acid.  It  forms  colourless  crystals 
Avith  5  molecules  of  waters  of  crystallisation.  Water  precipitates  a 
basic  nitrate  from  the  solution,  whilst  acid  salts  remain  dissolved. 
Basic  bismuth  nitrate  is  used  in  medicine  and  as  a  cosmetic. 

t^idphidcs  of  Bismuth 

Bismuth  forms  two  compounds  with  sulphur,  viz.,  bismuthous 
sulphide  (Bi.jSo)  and  bismuthic  sulphide  (Bi9S3).  Bismuthous  sul- 
phide (Bi.^S.^)  is  obtained  in  combination  with  water  on  treating  the 
solution  of  a  bismuthous  salt  with  sulphuretted  hydrogen  in  the 
absence  of  air.  A  black  powder  of  the  composition  Bi.,S._,  +  2H2O  is 
thus  obtained.  In  the  dry  way  bismuthous  sulphide  is  })rc)duced  by 
melting  together  sulphur  and  bismuth  in  the  proportion  of  their 
atomic  weights.  At  a  strong  heat  it  is  decomposed  into  bismuthous 
sulphide  and  metallic  bismuth.  Bisnuithic  sulphide  (Bi.^S..),  which 
is  found  in  nature  as  bismuth  glance,  can  be  obtained  in  the  form  of 
a  bluish  gi'ay  foliated  mass  by  melting  bismuth  with  an  excess  of 
sulphur ;  in  the  wet  way  it  is  ])roduced  in  the  form  of  a  blackish- 
brown  precipitate  by  passing  sulj)hu retted  hydrogen  into  a  solution 
of  bismuthic  salts.     It  is  soluble  in  boiling  concentrated  hydrochloric 
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acid  and  in  nitric  acid.  If  water  vapoiu'  is  ])assed  over  red-hot 
bismuthic  sulphide,  according  to  Regnault,  sulphuretted  hydrogen, 
bismuthic  oxide,  and  a  small  quantity  of  metallic  bismuth  are 
produced.  By  passing  hydrogen  over  red-hot  bismuthic  sulphide, 
sulphuretted  hydrogen  and  metallic  bismuth  are  obtained.  Bismuthic 
sulphide  heated  in  the  air  is  converted  into  bisnuithic  oxide  and 
bismuthic  sulphate,  sulphur  dioxide  being  evolved.  The  sulphate 
is  only  imperfectly  decomposed  by  increasing  the  temperature.  A 
mixture  of  bismuthic  oxide  and  sulphate  are  therefore  always 
obtained  as  the  products  of  the  oxidising  roasting  of  bismuthic 
sulphide.  Bismuthic  sulphide  can  be  melted  with  metallic  bismuth 
in  all  proportions.  It  is  said  that  at  very  high  temperatures  the 
sulphur  can  be  volatilised  almost  completely. 

The  compounds  of  bismuth  with  phosphorus  and  arsenic  are 
decomposed  on  heating.  Bismuth  phosphide  is  completely  decom- 
posed into  phosphorus  and  bismuth.  The  last  portions  of  firsenic  can, 
however,  only  be  removed  with  difficulty  from  arsenide  of  bismuth. 


Alloys  of  Bismuth 

Bismuth  alloys  with  a  number  of  metals,  and  causes  the  resulting 
alloys  to  melt  at  a  low  temperature.  Alloys  which  are  used  in  the 
arts  on  account  of  their  low  melting  points  are  those  of  Newton, 
Rose,  Lichtenberg,  Wood  and  Lipowitz.  Their  compositions  and 
melting  points  are  shown  in  the  following  table : — 


Alloy  of 


Newton  .  . 
Rose  .... 
Lichtenberg  . 
Wood  .  .  . 
Lipowitz    .    . 


Compo 

sition. 

Bi 

Pb 

Sn 

Cd 

2 

5 

3 

2 

1 

1 

— 

5 

3 

2 

— 

4 

2 

1 

1 

15 

S 

4 

3 

Melting  Pciiut. 

94-5°  C. 

93-75° 

91  -Q" 

71-0° 

60-0° 

1 

These  are  used  for  light  solders,  for  stopping  teeth,  for  taking 
impressions  of  woodcuts  and  coins,  and  for  safety-plugs  for  boilers. 

Zinc  will  only  take  up  2'4  per  cent,  of  bismuth,  whilst  bismuth 
will  take  up  as  much  as  143  per  cent,  of  zinc.  Antimony  alloys 
with  bismuth  in  all  proportions.  If  an  alloy  of  lead  and  bismuth  is 
heated  in  the  air  to  redness,  the  lead  oxidises  first,  and,  after  its 
removal,  the  bismuth.  On  account  of  the  easy  fusibility  of  lead 
oxide,  it  is  therefore  possible  to  sejmrate  lead  from  bismuth  by  an 
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oxidising  fusion  of  the  alloy.  When  such  an  alloy  is  treated  by  the 
Pattinson  ])rocess,^  the  bismuth  may  be  collected  in  an  alloy  rich  in 
bismuth,  whilst  the  bulk  of  the  lead  is  obtained  free  fi-om  bismuth,' 
the  bismuth  following  the  silver  into  the  enriched  lead.  If  an  alloy 
of  lead  and  bismuth  with  silver  or  gold  is  heated  in  the  air,  the  lead 
is  first  oxidised,  and  then  the  bismuth,  the  silver  or  gold  retaining  a 
small  proportion  of  the  bismuth. 

From  alloys  of  gold  and  bismuth  containing  but  small  quantities 
of  gold,  the  gold  may  be  removed  by  means  of  zinc,  a  small  portion 
of  the  bisnuith  being,  however,  retained  in  the  zinc  and  gold  alloy.^ 

Ores  of  Bismuth 

The  ore  which  furnishes  the  greatest  quantity  of  bismuth  is 
roetailic  bismuth.  It  is  found  in  Europe  in  the  Erzgebirge  of 
Saxony  (Schneeberg,  Johann-Georgenstadt,  Schwarzenberg,  Alten- 
berg,  Zinnwald) ;  in  Bohemia  (Joachimsthal),  Carinthia  (Lolling), 
Styria  (Salzburg),  the  Banate  (Cziklova) ;  Sweden  (Fahlun) ;  Norway 
(Bleka);  England  (Redruth,  Cornwall,  and  Carrick  Fell,  Cumber- 
land); Scotland  (Alva,  Stirlingshire).  Outside  of  Europe  it  occurs 
in  the  United  States  of  North  America  (Utah),  in  Peru,  Chili  (San 
Antonio  del  Potrero  Grande),  and  more  particularly  in  Bolivia 
(Illimani,  Tasna,  Chorolque,  Oruro,  Guaina,  Potosi,  Sorata),  and  in 
Australia  (Queensland  and  New  South  Wales). 

Bismuth  ochre  (Bi^O.^),  containing  89"7  per  cent,  of  bismuth, 
and  generally  intermixed  with  iron,  copper  and  arsenic,  occurs  in 
Bohemia,  Siberia,  Cornwall  (St.  Agnes),  France  (Meyrnac,  Dep. 
Correze),  and  in  Bolivia.  This  mineral  is  often  mixed  with  bis- 
muthic  carbonate  and  hydrate.  Bismuthic  carbonate  or  hydro- 
carbonate  occurs  by  itself  in  Cornwall,  France  (Meymac),  Bolivia, 
United  States  of  North  America  (Arizona),  and  Australia  (Queens- 
land). 

Bismuth  glance  or  bismuthine  (Bi^Sg),  containing  81  "25  per  cent, 
of  bismuth,  occurs  in  Cumberland,  Cornwall,  Saxony,  Sweden,  Bolivia, 
•Colorado  and  Queensland.  The  other  minerals  containing  bismuth 
are  of  no  importance  for  the  extraction  of  that  metal.  Among  these 
may  be  enumerated  copper  bismuth  glance  (wittichenite),  silver 
bismuth  glance,  bismuthic  cobaltic  pyrites,  bismuthic  nickel  pyrites, 
bismuthic  silicate  (eulytine),  telluride  of  bismuth  (tetradymite), 
seleno-  and  sulpho-telluride  of  bismuth  and  needleore  (aikinite). 

^  Vol.  i.,  p.  r)(l3.  -  Matthey,  Proc  Boi/al  Sorieti/,yo].  xiii. ,p.  89. 

3  Mattliey,  /or.  cit. 
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Furnace,  Products  containing  Bismuth 

The  bismuth  which  occurs  in  small  quantity  in  various  ores  is 
concentrated  in  certain  metallurgical  products,  the  latter  of  which, 
therefore,  form  the  material  for  the  extraction  of  bismuth ;  among 
such  metallurgical  products  may  be  mentioned  work-lead,  litharge, 
hearths,  cupel  bottoms,  nickel  and  cobalt  speiss. 

Extraction  of  Bismuth 

Bismuth  is  extracted  both  in  the  dry  way  and  by  means  of  the 
wet  way.  The  electrolytic  method  of  bismuth  extraction  has  been 
proposed  for  alloys  of  bismuth  and  lead,  but  has  not  as  yet  been 
adopted  to  any  extent.  By  far  the  gi-eatest  portion  of  the  bismuth 
that  is  at  present  produced,  is  got  in  the  dry  way  at  the  cobalt 
works  at  Oberschlemma  and  Pfannenstiel  in  Saxony,  which  treat 
principally  ores  from  Schneeberg  and  Austro-Hungary,  and  from 
the  works  of  Johnson,  Matthey  and  Co.,  in  London,  which  treat 
chiefly  Australian  and  South  American  ores. 

The  dry  method  should  be  used  as  a  rule  for  ores  rich  in 
bismuth  and  for  ores  containing  bismuth  in  the  metallic  state. 
The  wet  way  is  employed  for  the  extraction  of  bismuth  from  a 
series  of  metallurgical  products,  from  poor  oxidised  bismuthic  ores, 
as  also  for  the  extraction  or  removal  of  bismuth  from  the  ores  which 
contain  it  as  a  subsidiary  constituent  (tin  ores  carrying  bismuth). 
Bismuth  obtained  in  the  dry  or  wet  way  is  generally  rendered 
impure  by  a  number  of  foreign  bodies  which  interfere  with  its 
employment  for  certain  purposes,  especially  for  the  preparation  of 
pharmaceutical  products.     It  has,  therefore,  to  be  refined. 

EXTRACTIOX  OF   BiSMUTH    IX   THE    DrY  WaY 

The  extraction  of  bismuth  in  the  dry  way  from  ores  varies  with 
the  composition  of  the  latter,  and  depends  upon  the  low  melting 
point  of  the  metal,  the  decomposability  of  the  sulphide  by  iron,  and 
the  possibility  of  converting  bismuthic  sulphide  into  a  mixture  of 
sulphate  and  oxide  by  means  of  an  oxidising  roasting,  and  the 
reducibility  of  the  oxide  by  means  of  carbon,  and  upon  the  difficulty 
of  oxidising  bismuth  in  the  air  at  high  temperatures.  On  account 
of  the  low  melting  point  of  bismuth,  it  can  be  sej)arated  by  simple 
fusion  from  the  minerals  and  gangue  accompanying  it.  The  fusion 
may  take  the  form  either  of  a  liquation  of  the  bismuth  from  the 
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accompanying  minerals,  or  of  a  fusion  of  the  bismuth  and  accom- 
panying minerals  with  the  formation  of  a  slag.  Bismuth  is  extracted 
from  bismuthic  oxide  by  a  reducing  fusion  with  carbon,  the  other 
constituents  being  slagged  off.  From  bismuthic  sulphide,  bismuth 
can  be  obtained  either  by  an  oxidising  roasting  followed  by  a 
reducing  fusion  with  carbon,  or  by  melting  with  iron  with  the 
formation  of  ferrous  sulphide  and  separation  of  bismuth.  From  its 
alloys  with  lead,  bismuth  may  be  extracted  by  cupellation  of  the  latter 
until  the  lead  has  been  removed  in  the  form  of  litharge.  From 
alloys  of  the  precious  metals  bismuth  may  be  extracted  by  cupella- 
tion, and  reduction  of  the  bismuthic  oxide  thus  obtained  by  means 
of  carbon.     We  have  accordingly  to  distinguish : — 

(1)  The  extraction  of  bismuth  from  ores. 

(2)  The  extraction  of  bismuth  from  metallurgical  products. 

i.  The  Extraction  of  Bismuth  in  the  Dry  Way  from  Ores 

Under  this  heading  we  have  to  distinguish : — 
(«)  The  extraction  of  bismuth  from  ores  containing  it  in  the 
native  state. 

(b)  The  extraction  of  bismuth  from  bismuthite. 

(c)  The  extraction  of  bismuth  from  ores  which  contain  it  in  an 
oxidised  state. 

a.  The  Extraction  of  Bismuth  from  Ores  containing  the  Native  Metal 

Bismuth  may  be  separated  from  ores  containing  it  in  the  form  of 
metal,  either  by  a  process  of  liquation  or  by  fusion,  in  which  the 
entire  mass  is  liquefied.  The  objection  to  the  process  of  liquation  is 
that  the  bismuth  is  only  imperfectly  extracted  by  it,  and  that  other 
compounds  of  bismuth,  which  frequently  occur  intermixed  with  the 
native  metal,  are  not  extracted,  and  remain  in  the  residues.  Fusion 
processes  proper,  on  the  other  hand,  not  only  yield,  on  account  of  the 
liquefaction  of  the  entire  mass,  a  much  better  output  of  native 
bismuth,  but  also  admit  of  the  addition  of  desulphurising  or  re- 
ducing agents  to  the  ores,  which  will  simultaneously  extract  the 
bismuth  from  the  sulphur  or  oxygen  compounds  that  may  be  con- 
tained in  the  ores,  together  with  the  native  bismuth.  The  extraction 
of  bismuth  by  the  fusion  process  is,  therefore,  preferable  to  em- 
ploying liquation ;  for  which  reason  the  latter  process,  which  was 
formerly  employed,  has  now  been  replaced  everywhere  by  the  former 
methods. 
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The  Extraction  of  Bismuth  hij  Liquation 

This  process  was  formerly  in  use  in  Saxony.  It  was  carried  out 
in  inclined  cast-iron  pipes,  from  the  lower  end  of  which  the  bismuth 
flowed  out  as  soon  as  it  had  reached  its  melting  point,  whilst  the 
difficultly  fusible  gangue  remained  behind.  The  older  liquation  fur- 
naces were  designed  by  Plattner,  and  have  been  afterwards  suitably 
modified  by  Glinther.  Plattner's  furnace  is  shown  in  Fig.  273,  in 
which  r  is  the  grate,  ^  the  furnace  body,  /,/  are  stacks,  s,  s  are  the 
inclined  cast-iron  pipes,  which — eleven  in  number — are  arranged  in 
two  tiers.      They  are  4  feet  long,  10  to  12  inches  high  and  6  to 


Fig.  273. 


8  inches  broad,  each  holding  up  to  33  lbs.  of  ore.  They  are  charged 
from  the  upper  end,  which,  during  the  course  of  the  operation,  is 
kept  closed  by  a  sheet-iron  cover.  The  liquid  bismuth  flows  ovit 
from  the  pipes  through  a  small  opening,  o,  at  their  lower  ends,  into 
two  gutters  a,  inclined  towards  the  centre  of  the  furnace,  which 
discharge  into  a  movable  kettle  h,  which  is  kept  heated.  Moulds 
supported  upon  a  carriage  are  run  underneath  the  lip  of  the  kettle, 
and  the  fluid  bismuth  collected  in  the  latter  is  poured  into  them. 
The  residues  from  the  liquation  are  drawn  out  at  the  upper  end  of 
the  pipes  and  fall  into  a  box  provided  with  a  perforated  bottom  and 
standing  in  water,  which  can  be  lifted  out  from  the  tank  in  which  it 
rests.  By  dropping  these  residues  into  water  they  are  at  once 
cooled,  and  there  is  nothing  to  prevent  the  pipes  being  immediately 
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re-charged  with  fresh  ore.  In  a  furnace  of  this  kind  at  Schneeberg, 
in  Saxony/  bismuthic  cobalt  and  nickel  ores  containing  up  to  12  per 
cent,  of  bismuth  were  liquated.  The  charge  for  a  tube  amounted  to 
22  to  31  lbs.,  the  liquation  of  which  took  from  15  to  20  minutes; 
the  fuel  consumption  of  such  a  furnace  was  equal  to  590  cubic  feet 
of  firewood  in  24  hours.  The  residues  still  retained  one-third  of  the 
bismuth  present  in  the  ore,  and  were  smelted,  forming  a  bismuthic 
speiss  from  which  another  portion  of  bisnuith  was  extracted  by 
liquation  upon  liquation  hearths. 

The  furnace,  as  modified  by  Gunther,  is  shown  in  Fig.  274.^     The 


Fig.  274. 


residues  can  be  more  easily  removed  from  this  furnace  than  from  the 
Plattner  furnace.  The  tubes  are  furnished  at  their  lower  end  with  a 
grating  g,  g,  made  of  7  cast-iron  bars,  ujDon  which  the  ore  rests. 
The  tubes  are  charged  from  their  upper  end  after  the  cover,  n,  is 
removed.  The  heat  generated  upon  the  fire-grate  B  melts  the 
bismuth  which  flows  through  the  spaces  between  the  bars  of  the 
grating,  g,  g,  to  the  opening  /,  through  which  it  runs  out  into  iron 
moulds  I,  standing  in  front  of  it.  The  residues  are  removed  from 
the  lower  end  of  the  tubes.  For  this  purpose  the  cover,  which  is 
movable  about  a  hinge  q,  is  lifted  up,  and  the  residues  are  drawn  out 
over  the  grating  on  to  an  iron  plate  lying  in  front  of  the  tube. 

^  Plattner,  Hiittenkimde,  ji.2S.  ^  Kerl,  Meta?lhuttenl-uude,p.  530. 
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The  Extraction  of  Bismuth  hy  Processes  of  Fusion 

For  the  extraction  of  bismuth  by  complete  fusion,  crucible 
furnaces  are  best  employed.  Shaft  furnaces  have  not  given  satis- 
factory results  because  the  bismuth  rapidly  destroys  the  walls, 
penetrates  into  them  in  consequence  of  its  fluidity,  and  is  slagged 
off  in  considerable  quantity.  The  author  does  not  know  whether 
reverberatory  furnaces  have  ever  been  used  for  the  extraction  of 
bismuth  from  ores  carrying  the  native  metal.  If  the  native  ores 
contain  sulph-arsenides  of  cobalt  and  nickel  and  bismuthic  sulphide, 
the  ores  are  calcined  before  fusion  in  order  to  remove  the  sulphur 
and  a  portion  of  the  arsenic.  In  order  to  complete  the  decomposition 
of  the  sulphide  of  bismuth,  iron  is  added  during  the  process  of  fusion. 
Carbon  is  added  for  the  reduction  of  the  bismuthic  oxide,  and  soda, 
felspar,  lime,  quartz  or  slags  may  be  added  to  slag  off  the  gangue. 
At  the  cobalt  works  of  Oberschlemma,  near  Schneeberg,  ores  of 
bismuth  containing  cobalt  and  nickel  are  first  calcined  to  remove  the 
sulphur  and  arsenic  and  then  smelted  in  the  smalt  furnaces  with 
carbon,  iron  and  slags,  producing,  together  with  metallic  bismuth,  a 
speiss  containing  arsenic,  iron,  nickel  and  cobalt,  and  slag.  The 
molten  mass  is  poured  into  iron  pans,  in  which  bismuth  separates  out 
at  the  bottom,  over  it  the  speiss  and  the  slag  on  the  top.  After  the 
speiss  and  slag  have  solidified,  the  bismuth,  which  remains  fluid  in 
consequence  of  its  low  melting  point,  is  tapped  off  from  the  solidified 
substances. 

At  Joachimstahl,  in  Bohemia,  ores  containing  lead,  nickel,  cobalt, 
uranium,  silver,  iron,  arsenic,  sulphur  and  gangue,  with  an  average  of 
10  per  cent,  of  bismuth,  used  to  be  treated  by  fusion  in  Hessian 
crucibles  in  charges  of  1  cwt.,  mixed  with  soda  (15  to  50  per  cent.), 
lime  (5  per  cent.),  fluorspar  (5  per  cent.),  and  iron  turnings  (28  per 
cent.)  under  a  cover  of  soda  equal  to  5  per  cent,  of  the  weight  of  the 
ore.  The  fusion  was  effected  in  an  air  furnace,  charcoal  being  used  as 
fuel.  The  slag  that  formed  was  removed  from  time  to  time,  a  corre- 
sponding quantity  of  fresh  charge  being  introduced.  The  products 
were  slag,  bismuth  and  speiss.  In  24  hours  2  to  3  cwts.  of  ore  were 
treated.  The  crucibles  lasted  3  to  4  days.  Subsequently  the  process 
of  fusion  was  preceded  by  one  of  calcination,  the  ores  in  quantities  of 
4  to  10  cwts.  being  calcined  for  a  period  of  4  to  6  hours  in  reverber- 
atory furnaces  fired  with  lignite.  When  so  much  of  the  slag  had 
been  ladled  out  from  the  crucible  that  the  entire  contents  consisted 
of  bismuth  and  speiss,  the  latter  were  poured  into  conical  iron  moulds, 
at  the  bottom  of  which  the  bismuth  was  de^^osited.     After  the  mass 
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had  solidified,  the  bismuth  was  knocked  off  from  the  speiss  and  freed 
from  any  adhering  speiss  and  other  difficultly  fusible  impurities  by 
liquating  in  iron  tubes.  The  bismuth  contained  lead,  and  Avas  freed 
from  this  metal  by  cupellation.  The  slag  contained  uranium,  and 
was  treated  for  the  production  of  compounds  of  this  metal.  Since 
the  year  1868,  the  ores  from  Joachimstahl  have  been  treated  at  the 
smelting  works  in  Saxony. 

h.  The  Extraction  of  Bismuth  from  Bismuth  Glance 

Bismuth  glance  is  generally  found  intermixed  with  native  bis- 
muth.     It   but   rarely  occurs    in   such   quantities    as   to    form    the 
material  of  a  separate  process  for  the  extraction  of  bismuth.     This 
is,  however,  the  case  with  bismuthine  occurring  in  Bolivia.     When 
it    occurs    intermixed    with    native    bismuth,    the    ores    in  question 
are  smelted,  either  raw  or  after  previous  calcination,  with  a  certain 
quantity  of  iron,  as  has   been  explained   under   the    extraction   of 
bismuth  from  the  ores  of  Schneeberg  and  Joachimstahl  which  contain 
native  bismuth.     Ores  containing   bismuthine  alone  can  either  be 
treated  by  calcination  and  fusion  with  carbon,  or  in  the  raw  state  by 
fusion  with  iron.    In  the  one  case  the  chemical  processes  are  the  same 
as  in  the  extraction  of  lead  from  galena  by  the  process  of  calcination 
and  reduction ;  in  the  other  case  the  same  as  in  the  extraction  of  lead 
by  the  precipitation  process.     It  must  be  noted  that  when  bismuthic 
sulphide  is  calcined,  a  certain  quantity  of  sulphate  is  always  formed, 
and  this  salt  is  only  imperfectly  decomposed  when  the  temperature  is 
raised,  so  that  there  is  always  a  certain  quantity  of  it  present  in  the 
charge.     It  is  reduced  in  the   fusion  to  bismuthic  sulphide,  which 
passes  into  the  matte,  or  into  the  slag  if  only  very  small  quantities 
of  matte  are  produced.     When  ores  contain  considerable  quantities 
of  gangue,  the  bismuthine  may  be   separated  from  it  by  a  simj)le 
fusion  without  the  addition  of  iron.     Valenciennes^   has  made  ex- 
periments  upon  the  extraction   of  bismuth  from   bismuthine  from 
Bolivia,  which  is  at   present   being   treated  in   England.     The  ores, 
which    occur   in    Bolivia   in   considerable   quantities,  consist    of    a 
mixture  of  sulphides  of  bismuth,  copper,  iron,  antimony  and  lead, 
with  small  quantities  of  sulphide  of  silver.     The  amount  of  bismuth 
in  them  varies  from  15  to  30  per  cent.     The  best  process  for  their 
treatment   has   been    found   to  be  calcination  and  reduction.     The 
crushed  ores  were  calcined  for  24  hours  in  a  reverberatory  furnace 
with  frequent  rabbling  and   intermixture   from   time  to  time  with 
crushed    coal,   and  were  then    smelted  in  a  reverberatory  smelting 
1  Note  I'L^lative  h  la  M^tallurgie  du  Bismuth,  Bull.  Soc.  Chim.,  1874. 
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furnace,  the  calcined  ore  being  mixed  with  3  per  cent,  of  coal, 
lime,  soda  and  fluorspar.  In  order  to  assist  the  reduction,  a  re- 
ducing flame  was  kept  up  for  the  first  two  hours,  the  temperature 
being  a  red  heat,  which  was  subsequently  raised  to  whiteness.  The 
operation  was  finished  as  soon  as  the  contents  of  the  furnace  were 
completely  fluid.  Together  with  metallic  bismuth,  a  copper  matte 
containing  bismuth  and  slag  were  obtained.  The  molten  contents 
were  tapped  off  at  the  lowest  point  of  the  hearth,  and  run  into 
conical  iron  moulds  placed  in  front  of  the  furnace,  in  which  they 
separated  according  to  their  specific  gravity,  the  bottommost  layer 
consisting  of  metallic  bismuth,  the  next  of  bismuthic  copper  matte, 
and  the  topmost  one  of  slag,  consisting  chiefly  of  ferrous  silicate. 
The  metallic  bismuth  still  contained  lead,  antimony  and  copper,  and 
had  to  be  purified  before  it  could  be  used  for  pharmaceutical  pur- 
poses. The  copper  matte  obtained  contained  5  to  8  per  cent,  of 
bismuth.  It  was  crushed,  calcined,  and  then  smelted  in  the  same 
way  as  the  calcined  ore,  the  products  being  metallic  bismuth  and  a 
copper  matte  which  still  retained  2  to  3  per  cent,  of  bismuth.  Pure 
bismuth  could  not  be  obtained  from  the  latter  in  the  dry  way,  an  alloy 
of  copper  and  bismuth  being  always  produced,  so  that  the  bismuth 
had  to  be  extracted  from  this  matte  by  wet  methods.  Valenciennes 
employed  precipitation  processes  in  reverberatory  furnaces  experi- 
mentally upon  these  ores,  which  he  had  freed  from  their  gangue 
by  a  previous  fusion.  The  ores  thus  prepared,  which  consisted  only 
of  sulphides  of  bismuth,  iron  and  copper,  were  crushed,  mixed  with  12 
per  cent,  of  iron  turnings,  30  per  cent,  of  slag,  and  a  certain  quantity 
of  soda,  and  then  fused  in  reverberator}^  furnaces.  After  heating  for 
4  hours  up  to  whiteness,  the  mass  was  completely  fiuid,  and  was 
tapped  out  into  conical  cast-iron  moulds,  the  products  being  metallic 
bismuth,  a  matte  consisting  of  the  sulphides  of  copper  and  iron,  and 
slags.  The  bismuth  contained  less  copper  than  that  obtained  by  the 
process  of  calcination  and  reduction,  but  contained  antimony.  The 
process  worked  well,  and  was  much  more  rapid  than  the  previous 
one,  but  had  the  very  great  objection  that  the  sulphide  of  iron 
rapidly  destroyed  the  hearth  of  the  reverberatory  furnace,  in  conse- 
quence of  which  it  was  given  up. 

c.  The  Extraction  of  Bismuth  from  Ores  lohich  contain  it  in  the 

Form,  of  Oxide 

Oxidised    bismuth    ores    only    occur    exceptionally    in    sufficient 
quantities  to  be  treated   by  themselves   for  bismuth.      As    a  rule, 
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they  are  mixed  with  native  bismuth  and  are  treated  together 
with  it.  They  can  be  treated  by  being  fused  in  crucibles 
or  reverberatory  furnaces  mixed  with  charcoal.  Shaft  furnaces 
cannot  be  recommended  on  account  of  the  excessive  loss  of  bis- 
muth, due  to  slagging  and  volatilisation.  Considerable  quantities 
of  hj'drated  carbonate  of  bismuth  have  been  found  at  MejTuac,  in 
France.  These  have,  however,  been  treated  by  means  of  the  wet 
method.  If  the  ores  containing  native  bismuth  contain  at  the  same 
time  oxides  of  bismuth,  a  corresjDonding  quantity  of  carbonaceous 
matter  is  added  during  the  fusion  so  as  to  reduce  the  oxide  of 
bismuth,  the  carbon  dioxide  and  water  being  driven  off  from  the 
above-named  compounds  by  the  action  of  heat. 


ii.  Extraction  of  Bismuth  in  the  Dry  Way  from 
Metallurgical  Products 

Bismuth  is  at  present  generally  obtained  from  metallurgical 
products  by  means  of  the  wet  methods.  We  must  distinguish  in 
extraction  by  the  dry  w^ay  : — 

(a)  The  extraction  from  mattes. 
(h)  The  extraction  from  alloys. 

a.  The  Uxtraction  of  Bismuth  from  Mattes 

Bismuth  is  extracted  from  mattes  by  methods  based  on  the 
principle  of  calcination  and  reduction.  The  matte  is  crushed,  cal- 
cined in  reverberatory  furnaces  until  the  bismuthic  sulphide  is 
converted  into  __oxide  and  sulphate,  and  then  smelted  with  the  ad- 
dition of  carbon  and  suitable  fluxes  in  reverberatory  or  crucible 
furnaces.  Metallic  bismuth  is  obtained,  and,  when  copper  is  present 
in  the  matte,  a  copper  matte  containing  bismuth,  together  with 
ferriferous  slag.  As  it  is  not  possible  to  completely  decompose  the 
sulphate  of  bismuth  produced  during  calcination  by  any  increase  of 
temperature,  a  certain  quantity  of  sulphide  is  alwaj's  reproduced 
during  the  reduction,  which  passes  into  the  matte.  If  only  small 
quantities  of  matte  are  formed,  this,  together  with  any  sulphide  of 
bismuth,  passes  into  the  slag.  A  simple  precipitation  process  is 
not  to  be  recommended  for  matte,  especially  when  the  latter  only 
contains  small  quantities  of  bismuth.  The  method  of  treating  the 
matte  produced  in  smelting  Bolivian  ores  has  already  been  explained. 
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h.  The  Extraction  of  Bismuth  from  Alloys 

Alloys  from  which  bismuth  can  be  obtained  in  the  dry  way,  and 
from  which  it  used  formerly  to  be  so  obtained,  are  its  alloys  with  lead, 
and  with  lead  and  the  precious  metals.  When  a  lead-bismuth  alloy 
is  submitted  to  an  oxidising  fusion,  the  lead  is  first  oxidised,  the  bis- 
muth only  commencing  to  oxidise  when  the  greater  proportion  of  the 
lead  has  been  removed.  The  cupellation  of  a  lead  and  bismuth  alloy 
can  therefore  be  so  conducted  that  the  first  product  is  litharge,  the  next 
litharge  containing  bismuth,  and  the  last,  if  the  oxidation  is  stopped 
at  the  right  moment,  metallic  bismuth.  Such  a  cupellation  process 
was  formerly  employed  at  Joachimstahl  for  the  extraction  of  bismuth. 
The  lead  bismuth  alloy  was  cupelled  in  quantities  of  4  to  5  cwts., 
the  first  product  being  litharge  free  from  bismuth,  which  was  sent 
to  the  lead  works,  then  a  brown  litharge  containing  bismuth,  and 
finally  a  black  oxide  of  bismuth  free  from  lead,  on  the  appearance  of 
which  the  metallic  bismuth,  then  free  from  lead,  was  tapped  into 
cast-iron  pans.  The  litharge  containing  bismuth  was  smelted  in 
crucibles  together  with  the  cupel  bottoms  with  a  flux  consisting  of 
quartz,  fluorspar  and  iron  turnings,  the  product  being  an  alloy  of 
lead  and  bismuth,  which  was  again  submitted  to  cupellation.  The 
oxide  of  bismuth  free  from  lead  was  smelted  under  a  cover  of  salt 
with  a  mixture  of  quartz,  lime  and  iron  turnings.  From  work-lead 
containing  bismuth,  litharge  rich  in  bismuth  is  obtained  in  the 
processes  of  cupellation  in  the  last  stage  of  litharge  production. 
When  this  litharge  is  submitted  to  a  reducing  fusion,  an  alloy  of 
lead  and  bismuth  containing  some  silver  is  obtained.  By  cupelling 
the  latter,  litharge  still  richer  in  bismuth  is  obtained,  together  with 
litharge  free  from  bismuth,  and  blicksilver.  The  former  can  again 
be  reduced  and  the  alloy  of  bismuth,  silver  and  lead,  thus  obtained, 
can  again  be  cupelled.  On  reducing  this  litharge  containing  bismuth, 
bismuth  containing  both  lead  and  silver  is  obtained.  At  present, 
after  the  argentiferous  litharge  has  been  sufliciently  enriched  in 
bismuth,  it  is  treated  in  the  wet  way. 

Extraction  of  Bismuth  by  the  Wet  Way 

Bismuth  can  be  obtained  by  means  of  wet  methods  from  ores 
which  contain  the  metal  as  carbonate  or  oxide,  and  especially  from 
metallurgical  products  in  which  the  bismuth  is  in  the  form  of  an 
oxide  or  an  alloy.  When  bismuth  is  present  as  oxide  it  is  generally 
dissolved  by  hydrochloric  acid,  more  rarely  by  nitric  acid,  which  is- 
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far  dearer ;  when  it  is  present  as  metal  or  alloy,  by  means  of  aqua 
regia  or  of  hot  concentrated  sulphuric  acid. 

Bismuth  is  precipitated  from  the  solutions  either  directly  or  as  a 
basic  salt.  It  is  generally  thrown  down  as  metal  by  means  of  iron. 
As  a  basic  salt  it  can  be  thrown  down  by  diluting  solutions  of  its 
chloride  with  water,  when  an  oxychloride  is  precipitated.  From  the 
oxy chloride  bismuth  can  be  reduced  either  by  fusion  with  lime  and 
charcoal,  or  by  treating  the  moist  salt  with  iron  or  zinc.  The  addition 
of  lime  is  necessary  when  the  oxychloride  is  treated  in  the  dry  way, 
in  order  to  combine  with  the  chlorine.  The  lime  may  be  used  either 
slaked  or  as  caustic  lime.  Metallic  bismuth  thrown  down  in  the  wet 
way  is  melted  in  graphite  or  iron  crucibles  with  the  addition,  in 
case  of  need,  of  alkaline  fluxes. 

Extraction  of  Bismuth  in  the  Wet  Way  from  Ores 

The  wet  way  has  been  employed  for  oxidised  bismuth  ores  at 
Meymac  and  for  calcined  tin  ores  rich  in  bismuth  at  Altenberg  in 
Saxony.  The  ore  treated  at  Mejanac  ^  is  a  hydrated  carbonate  of 
bismuth  in  a  quartzose  gangue  containing  small  quantities  of  arsenic, 
antimony,  lead,  iron  and  lime.  The  crushed  ore  is  treated  3  times 
over  in  earthenware  vessels  with  hydrochloric  acid  at  a  gentle  heat 
and  under  constant  stirring.  The  nearly  exhausted  ore  is  treated 
with  fresh  hydrochloric  acid,  whilst  the  almost  saturated  acid  is 
allowed  to  act  upon  fresh  ore,  saturated  solutions  being  thus 
obtained,  whilst  the  bulk  of  the  bismuth  is  removed  from  the  ore. 
The  bismuth  is  thrown  down  from  the  solution  in  the  form  of  black 
powder  by  means  of  bars  of  iron.  Immediately  after  its  precipi- 
tation, it  is  separated  from  the  solution,  washed  Avith  water,  pressed 
in  canvas  bags,  and  finally  melted  in  graphite  crucibles  under  a  layer 
of  charcoal,  and  cast  in  iron  moulds.  At  Altenberg,  in  Saxony, 
calcined  tin  ores  are  treated  with  hydrochloric  acid,  which  dissolves 
the  oxide  of  bismuth  formed  during  calcination.  From  the  solution 
thus  obtained,  basic  chloride  of  bismuth  is  throwTi  down  b}*^  the 
addition  of  water.  The  precipitate  is  treated  for  metallic  bismuth. 
The  method  of  extracting  the  metal  is  not  indicated  in  the  literature 
of  the  subject. 

Extraction  of  Bismuth  in  the  Wet  Way  from  Furnace  Products 

The  chief  metallurgical  products  from  which  bismuth  is  extracted 

in  the  wet  way  are  impure  oxides  of  bismuth,  litharge  containing 

^  Camot,  "D^couverte  d'un  Gisement  de  Bismuth  en  France,"  Bull.  Soc.  Chim., 
1874 
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bismuth,  and  cupellation  residues  containing  bismuth,  such  as  are 
obtained  during  the  cupellation  of  alloys  of  lead,  bisnmth  and 
silver.  Attempts  have  also  been  made  to  treat  alloys  of  lead, 
bismuth  and  silver  directly  in  the  wet  way.  When  work-lead 
containing  bismuth  is  cupelled,  litharge  free  from  bismuth  is  first 
•obtained.  When  the  cupellation  is  continued,  the  bismuth  is  also 
■oxidised  and  passes  into  the  litharge,  the  last  jDortions  of  the 
litharge  being  richest  in  bismuth,  whilst  a  small  portion  of  the 
latter  metal  remains  in  the  silver.  By  smelting  the  last  litharge, 
which  contains  both  bismuth  and  silver,  in  shaft  furnaces  with 
charcoal,  bismuth  can  be  concentrated  in  the  work-lead  thus 
■obtained,  and  by  cupelling  the  latter,  litharge  still  richer  in  bismuth 
is  produced.  The  concentration  of  bismuth  in  litharge  may  be 
brought  about  simply  in  cupelling  lead  which  is  not  too  poor  in 
silver,  by  not  continuing  the  cupellation  until  the  silver  brightens 
but  interrupting  the  process  when  the  silver  contents  of  the  work- 
lead  have  been  enriched  to  about  80  per  cent.^  In  this  case  the 
bismuth  is  concentrated  in  the  alloy  produced,  and  when  the  latter  is 
finally  cupelled  upon  a  smaller  hearth,  it  passes  into  the  litharge  and 
a  portion  of  it  into  the  test.  Both  litharge  and  test  are  so  rich  in 
bismuth  that  they  can  be  treated  directly  by  wet  methods.  At 
Freiberg,  in  Saxony,  argentiferous  lead  containing  minute  quantities 
■of  bismuth  is  split  up  by  the  Pattinson  process  into  lead  rich  in 
silver  (containing  2  per  cent.)  and  carrying  bismuth,  and  into  lead 
poor  in  silver  (containing  O'l  per  cent.)  and  free  from  bismuth,  the 
latter  of  which  is  then  desilverised  by  means  of  zinc.  The  lead 
■containing  bismuth  is  concentrated  in  German  cupellation  furnaces 
until  the  silver  contents  reach  80  per  cent.,  and  then  refined  in 
silver  refining  furnaces  in  quantities  of  0"9  to  1*2  tons  for  the 
production  of  fine  silver,  lead  and  bismuth  being  thereby  oxidised. 
The  oxides  are  partly  absorbed  by  the  hearth,  which  is  made  of 
marl,  and  partly  flow  off  as  litharge  containing  bismuth.  The 
litharge  and  the  hearth  generally  contain  from  5  to  20  jDer  cent, 
of  bismuth,  and  are  crushed  fine  and  then  treated  with  hydrochloric 
acid  in  stoneware  pots  80  inches  high  and  36  inches  in  diameter,  the 
charge  for  a  pot  amounting  to  1  cwt.  To  this  are  added  140  to  155 
lbs.  of  hydrochloric  acid  and  22  lbs.  of  water,  the  action  of  the  acid 
being  promoted  by  gently  heating  and  continual  stirring.  In  6 
hours  the  bismuthic  oxide,  together  with  a  small  portion  of  lead 
■oxide,  has  been  dissolved,  the  residues  consisting  of  chloride  of  lead 
and  metallic  silver.     Water  is  added  until  the  liquid  becomes  turbid 

1  Vol.  i. ,  p.  579. 
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owing  to  the  separation  of  bismuthic  oxychloride.  The  solution  is 
then  allowed  to  stand  for  7  hours  in  order  to  clear,  and  is  drawn  off 
by  means  of  leaden  syphons  into  wooden  vats  6  feet  high  and  5  feet 
in  diameter,  in  which  it  is  diluted  with  a  sufficient  quantity  of  water 
to  throw  down  the  bulk  of  the  bismuth  as  basic  oxychloride.  As 
soon  as  the  precipitate  has  settled,  the  solution  is  run  off  first  into 
settling  tanks,  and  then  into  a  sump  in  which  the  copper  which  it 
contains  is  thrown  down  by  means  of  iron.  The  precipitate  of 
bismuth  oxychloride  is  then  washed  with  water  in  a  wooden  vat 
provided  with  a  linen  filter  in  order  to  remove  a  portion  of  the 
chloride  of  lead.  It  is  then  dissolved  in  hydrochloric  acid  in  order  to 
remove  a  further  portion  of  chloride  of  lead.  On  dilution  of  the 
solution  with  water  the  bismuth  is  again  thrown  down  as  oxychloride, 
the  latter  being  again  treated  ^vith  hydrochloric  acid  in  order  to 
remove  any  portion  of  chloride  of  lead  that  might  be  left,  and  from 
the  solution  thus  obtained  the  oxychloride  of  bismuth  is  again 
thrown  down  -vrith  water.  The  salt  is  then  filtered  off,  Avashed  and 
dried,  and  smelted  with  lime  and  charcoal  or  with  soda,  glass  and  char- 
coal in  a  cast-iron  crucible  heated  in  an  air  furnace,  coke  being  the  fuel 
used.  The  products  are  metallic  bismuth  and  slag.  The  cast-iron 
crucible  is  provided  with  a  foot  and  is  20  inches  high  in  the  clear,  its 
greatest  diameter  being  12  inches.  The  charge  consists  of  28  to  44 
lbs.  of  bismuth  salt,  16  per  cent,  of  caustic  lime,  and  6  per  cent,  of 
finely  ground  charcoal.  As  soon  as  the  contents  are  in  a  state  of 
tranquil  fusion  the  slag  is  ladled  off  and  the  bismuth  poured  into 
moulds.  It  is  purified  by  re-melting.  It  then  contains  0'3  to  0"4 
per  cent,  of  lead  and  0025  of  silver.  The  residues  which  remain 
when  the  litharge  and  the  various  precipitates  of  bismuthic 
oxychloride  are  treated  with  hydrochloric  acid,  are  washed  with 
water  containing  hydrochloric  acid,  dried,  and  added  to  charges  con- 
taining lead  and  silver,  which  are  being  smelted  for  work-lead.^  At 
the  St.  Andreasberg  Works  in  the  Upper  Harz,  litharge  containing 
bismuth  is  produced  which  is  sold  to  Freiberg  for  treatment  in  the 
wet  way.  At  Frankfort-on-the-Maine,  in  the  works  of  the  German 
Gold  and  Silver  Refinery,  bismuth  is  prepared  in  the  wet  way  from 
skimmings  containing  bismuth,  which  are  obtained  in  silver  refining. 
Processes  for  extracting  bismuth  from  alloys  in  the  wet  w^ay  have 
been  proposed  by  Mrazek  and  De  Luyne,  as  to  the  practical  execution 
of  which  nothing  is  known.  Mrazek  -  proposed  sulphuric  acid  as  the 
solvent   for  bismuth  contained  in  argentiferous   lead  and  bismuth 

^  Preiis/i.  Zeitschr.,  vol.  xviii.,  p.  193  ;  Ber(j.  und  Hiitt.  Ztg.,  1870,  p.  79. 
-  Oesterr.  Zeitschr.,  1874,  Nos.  34  ami  35. 
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alloys.  These  alloys,  which  are  obtained  by  repeated  reduction  and 
cupellation  from  litharge  containing  bismuth,  and  which  contain  50 
to  60  per  cent,  of  bismuth,  are  to  be  treated  in  the  granulated  state 
with  hot  concentrated  sulphuric  acid.  Bismuth  and  silver  are 
thereby  dissolved,  whilst  the  lead  remains  as  sulphate  in  the  residues. 
The  silver  is  to  be  thrown  down  from  the  solution  by  means  of 
sodic  chloride,  and  the  bismuth  by  means  of  iron.  If  alloys  of  lead 
and  bismuth  alone  are  to  be  operated  on,  the  bismuth  can  be  thrown 
down  directly  by  means  of  iron  after  the  treatment  with  concentrated 
sulphuric  acid.  The  spongy  bismuth  obtained  by  this  means  is  to  be 
pressed,  dried,  and  then  melted.  The  proposed  process  of  De  Luyne  ^ 
refers  to  the  extraction  of  bismuth  from  alloys  containing  tin,  lead 
and  bismuth.  These  are  first  to  be  treated  with  cold  hydrochloric 
acid,  so  as  to  remove  the  greater  portion  of  the  tin.  The  bismuth  is 
then  to  be  brought  into  solution  by  treating  the  residues  with  aqua 
regia,  and  from  this  solution  the  bismuth  is  to  be  thrown  down  as 
oxychloride  by  dilution  with  water.  This  salt  is  either  to  be 
smelted  in  crucibles  for  metallic  bismuth,  in  admixture  with  chalk 
and  charcoal,  or  it  is  to  be  dissolved  in  hydrochloiic  acid  and  the 
metal  thrown  down  by  treating  the  solution  with  zinc  and  the 
precipitate  jsressed,  dried  and  melted.  Another  proposed  process  of 
De  Luyne  suggests  the  employment  of  nitric  acid  as  a  solvent,  which 
dissoh^es  bismuth  and  lead,  whilst  the  tin  is  converted  into  an 
insoluble  oxide ;  from  this  solution  the  bismuth  is  first  to  be  thrown 
down  as  metal  by  means  of  lead,  and  then  the  lead  precipitated  as 
carbonate  bv  means  of  sodic  carbonate. 


Extraction  of  Bismuth  from  Lead-Bismuth  Alloys  by  the 
Electrolytic  Method 

Borchers  has  proposed  the  extraction  of  bismuth  from  lead  con- 
taining it,  by  means  of  the  electric  current,  and  has  devised  apparatus 
for  this  process.  He  fuses  alloys  containing  lead  and  bismuth,  or 
lead,  bismuth  and  silver,  under  molten  alkaline  chlorides,  through 
which  he  passes  an  electric  current.  The  lead  is  dissolved  as  chloride 
and  is  deposited  as  metal  at  the  cathode  or  at  the  bottom  of  the 
cathode  compartment,  whilst  with  a  suitable  current  density,  bismuth 
and  silver  remain  undissolved  and  collect  at  the  bottom  of  the  anode 
compartment.  Although  the  process  has  not  come  into  use,  an 
explanation  of  the  process  and  mode  of  working  as  communicated  by 

1  Dingier,  vol.  167,  p.  289. 
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Borchers  may  be  of  interest.^  The  construction  of  the  apparatus  is 
shoAvn  in  Figs.  275  to  277,  the  first  showing  the  plant  and  the  empty- 
apparatus  with  the  cover  removed,  Fig.  276  being  a  vertical  cross- 
section,  whilst  Fig.  277  shows  the  left  hand  half  in  vertical  longitu- 
dinal section,  and  the  right  hand  half  of  the  apparatus  in  elevation. 
The  fusion  is  performed  in  a  vessel  of  cast  iron,  Avhich  consists  of  twa 
horizontal  semi-cylinders  a  and  k,  and  a  hollow  iron  frame  v  in  the 
shape  of  a  semicircle.  The  semi-cylinder  a  forms  the  anode  compart- 
ment ;  its  left-hand  end  is  steeply 
inclined.  The  sides  of  the  anode  com- 
partment are  provided  with  a  series- 
of  step-like  projections.  The  semi- 
cylinder  k  forms  the  cathode  compart- 
ment, the  right-hand  side  of  which  is- 
also  inclined.  The  hollow  iron  frame 
or  iron  ring  v  separates  the  anode 
from  the  cathode  departments.  Water 
circulates  in  it  during  the  electrolysis- 
and  cools  its  walls  to  such  an  extent 
that  they  are  coated  externally  with 
a  layer  of  solidified  alkaline  chlorides,, 
which  serves  to  insulate  it.  The  anode 
and  cathode  compartments  are  thus 
insulated  from  each  other  by  means- 
of  this  ring.  The  water  enters  the 
ring  through  the  tube  e  and  escapes 
at  X.  Should  anything  happen  to 
prevent  the  circulation,  an  overflow  is 
provided  at  s  until  it  can  be  put  right. 
The  outer  circumference  of  this  iron 
ring  is  provided  with  hollow  pro- 
jections which  give  it  the  form  of  an 
inverted  T  in  cross  section.  The  hollow  space  between  these  twa 
semi-circular  projections  is  filled  with  an  insulating  material  con- 
sisting of  clay  free  from  carbonaceous  matter,  sand  and  marl.  These 
projections  also  serve  to  caiTy  the  flanges  /,/  of  the  two  semi-cylinders 
and  thus  to  unite  the  various  portions  of  the  apparatus.  The  tubes 
p  and  r  serve  to  regulate  the  level  of  the  molten  mass  and  to  remove 
the  metals  after  their  separation  from  each  other.  By  means  of  the 
pipe  r,  which  opens  into  the  bottom  portion  of  the  anode  department, 
the  bismuth  is  to  be  removed,  whilst  the  lead  is  to  flow  off  through 
1  Jahrh.  dtr  Ehdrochem.,  1895,  p.  168. 
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the  tubei?,  which  opens  into  the  lowest  portion  of  the  cathode  com- 
partment. The  flame,  which  must  be  free  from  soot,  traverses  the 
flues  h  which  surround  this  vessel  and  thus  heat  it. 

The  process  is  as  follows :— As  soon  as  the  water  is  flowing  through 
the  cooling  ring  V,  firing  is  commenced,  and  sufficient  lead  is  poured  in 


Fig.  277. 


through  the  pipes  i?  and  r  to  partly  fill  the  anode  and  cathode  depart- 
ments. A  mixture  of  alkaline  chlorides  in  the  ratio  of  their  molecular 
weights  KCl  +  NaCl  is  then  charged.  As  this  mixture  melts  but  slowly 
it  must  only  be  introduced  in  small  quantities  at  a  time.  It  is  better, 
however,  to  fuse  the  mixture  in  a  separate  pot  and  to  allow  the 
molten  mass  to  run  all  at  once  into  the  decomposing  pot.     In  order 
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to  prevent  the  iron  of  this  vessel,  especially  at  the  anodes,  from  being 
attacked  by  the  fused  mass,  it  is  necessary  to  make  it  basic  by 
dissolving  in  it  litharge,  or  better  still  lead  oxychloride.  These  lead 
compounds  must,  however,  only  be  added  after  the  pot  has  been 
filled  with  the  fused  mass,  because,  otherwise,  lead  would  be  deposited 
upon  the  metallic  portion  of  the  pan,  penetrate  through  the  insulation, 
and  thus  cause  short  circuiting.  After  the  pot  has  been  filled  with  the 
molten  mass,  and  the  external  portions  of  the  cooling  ring  and  the 
iron  in  its  immediate  neighbourhood  have  become  covered  with  a 
crust  of  non-conducting  and  irreducible  salts,  then  the  lead  compounds 
have  a  most  beneficial  effect  upon  the  electrolysis,  and  it  is  preferable 
to  replace  the  potassium  chloride  that  is  volatilised  by  lead  oxy- 
chloride. As  soon  as  the  first  charge  of  lead  compounds  has  been 
added,  the  alloy  of  lead  and  bismuth  is  introduced  into  the  anode 
department  by  means  of  a  funnel  and  a  current  passed  through  the 
molten  mass.  The  molten  alloy  runs  down  over  the  step-like 
projections  of  the  side  of  the  anode  department,  and  the  lead  in  it  is 
dissolved  and  re-deposited  in  the  cathode  department,  on  the  bottom 
of  which  it  collects.  On  the  other  hand,  bismuth  and  silver  remain 
undissolved  as  long  as  the  current  tension  does  not  exceed  100  amperes 
per  square  foot,  and  collect  at  the  bottom  of  the  anode  compartment. 
The  lead  thus  obtained  is  very  pure  and  is  tapped  off  from  time  to 
time  through  the  pipe  p.  The  crude  bismuth  contains  90  to  95  per 
cent,  of  bismuth  and  is  tapped  off  from  the  pipe  r.  The  upper 
apertures  of  the  pipes  ^  and  r  must  be  so  arranged  that  the  molten 
salts  reach  up  to  the  line  o,  the  molten  lead  up  to  the  line  n.  The 
bismuth  produced  contains  lead,  which  can  however  be  readily 
removed  by  means  of  an  oxidising  fusion.  In  order  to  obtain  a  good 
separation,  it  is  necessary  that  the  molten  alloy  should  continually 
present  fresh  surfaces,  so  that  it  is  necessary  for  it  to  traverse  the 
anode  compartment  pretty  quickly.  Complete  decomposition  is  there- 
fore only  effected  after  it  has  passed  through  the  apparatus  several 
times.  Several  of  these  apparatus  must  therefore  be  employed 
placed  stepwise,  one  below  the  other,  or  else  the  alloy  must  be  caused 
to  pass  several  times  through  the  same  apparatus.  With  a  current 
density  of  100  amperes  per  square  foot  the  tension  required  is  said 
to  amount  to  0*5  volt.  Accordingly  about  10  lbs.  of  lead  can  be 
separated  from  the  alloy  per  horse  power  per  hour.  As  already 
stated,  this  process,  which  is  said  to  work  without  any  loss  of  metal, 
has  not  yet  come  into  use. 
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Refining  of  Bismuth 

Bismuth  produced  in  the  dry  way  contains  arsenic,  sulphur,  iron, 
nickel,  cobalt,  antimony,  and  also  silver  and  gold.  The  following  are 
analyses  of  two  samples  of  crude  bismuth  : — ^ 

Peru.  Australia. 

Bismuth 93  •372  94  103 

Antimony 4-570  2-621 

Arsenic —  0290 

Copper 2-058  1-944 

Sulphur —  0-430 

The  amount  of  gold  and  silver  contained  in  various  qualities  of 
bismuth  has  been  determined  by  Smith.-  He  found  0011  per  cent, 
of  gold  and  0"3319  per  cent,  of  silver  in  a  sample  of  Australian 
bismuth ;  00003  per  cent,  of  gold  and  0'0729  per  cent,  of  silver  in  a 
sample  of  German  bismuth  ;  and  0'0005  per  cent,  of  gold  and  007 5 
per  cent,  of  silver  in  a  sample  of  American  bismuth.  Impure  bismuth 
is  not  suitable  for  many  purposes  for  which  the  metal  is  employed, 
and  must  therefore  be  purified  before  use.  When  it  is  to  be  used  for 
pharmaceutical  purposes  it  must  be  especially  pure  and,  above  all 
things,  free  from  arsenic  and  tellurium.  The  purification  of  bismuth 
can  be  performed  either  in  the  dry  or  in  the  wet  way.  The  dry 
method  produces  a  metal  less  pure  than  the  wet  way,  and  in  the  case 
of  bismuth  which  contains  a  number  of  foreign  bodies  is  a  very  lengthy 
process,  as  these  cannot  be  removed  by  one  single  operation,  but 
require  a  whole  series.  It  has  the  advantage  that  it  is  far  cheaper 
than  the  wet  method,  which  is  also  a  very  roundabout  one  and  only 
used  in  special  cases. 

Purification  of  Bismuth  in  the  Dry    Way 

This  may  consist  either  in  a  liquation  process  or  in  re-melting 
bismuth  with  fluxes  of  various  kinds.  Liquation  of  bismuth  is 
employed  in  Saxony.  It  is  performed  upon  a  liquation  hearth 
consisting  of  cast-iron  segments  forming  a  groove  inclined  outwards  ; 
the  liquated  bismuth  is  cast,  just  before  setting,  into  iron  moulds. 
Any  sulphide  of  bismuth  that  may  be  present  then  separates  out 
upon  the  surface  of  the  blocks.  The  residues  that  are  left 
upon  the  liquating  hearth,  known  as  Krcitzen,  contain  the  greater 
portion  of  the   impurities  of  the  bismuth,  and  are  treated  for  the 

1  The  Mineral  Industry,  1893,  p.  72. 

-  Journ.  Soc.  Chem.  Ind.,  April  29,  1893,  p.  318. 
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extraction  of  the  metals  contained  in  them.  It  the  bismuth  is 
required  for  pharmaceutical  purposes  liquation  is  not  always  sufficient, 
and  the  metal  may  require  further  purification  by  melting  or  by  the 
wet  method. 

The  purificaticjn  of  bismuth  by  remelting  in  crucibles  with 
various  additions  is  much  more  perfect  than  the  purification  by 
liquation,  but  even  this  is  not  sufficient  in  all  cases.  It  must  then  be 
repeated  until  the  bismuth  is  pure.  The  fluxes  that  are  added  depend 
upon  the  impurities  that  have  to  be  removed.  According  to  Quesne- 
ville  arsenic  can  be  removed  by  melting  bismuth  with  nitre  and 
common  salt.  This  process,  the  object  of  which  is  to  form  alkaline 
arsenites,  also  removes  iron  and  lead.  According  to  Werther,  arsenic 
may  be  removed  by  fusing  bismuth  with  one-eighth  of  its  weight  of 
soda  and  one-sixty-fourth  of  sulphur.  In  both  methods  a  consider- 
able loss  of  bismuth  is  incurred  b}'  the  formation  of  bismuthic  oxide. 
According  to  Thlirach  arsenic,  and  more  particularly  the  whole  of 
the  iron,  may  be  removed  by  fusing  bismuth  with  chlorate  of  potash 
to  which  from  2  to  5  per  cent,  of  soda  has  been  added.  According 
to  Mehu,  arsenic  may  be  removed  from  bismuth  by  heating  the  latter 
considerably  above  its  melting  point  with  excess  of  air  in  a  vessel 
presenting  a  large  surface.  The  greatest  part  of  the  arsenic  is  thus 
removed  as  arsenic  acid,  and  any  sulphur  that  may  be  jjresent  is 
converted  into  sulphur  dioxide.  The  residue  has  to  be  remelted 
with  soda,  charcoal  and  tartar  or  soap,  producing  an  alkaline  mass 
which,  when  further  heated  in  the  air,  is  freed  from  the  last  portions  of 
arsenic  and  sulphur,  which  combine  with  the  alkali.  In  this  process 
any  copper  and  lead  will  remain  in  the  bismuth.  Johnson,  Matthey 
and  Co.  heat  bismuth  ^  containing  arsenic  in  quantities  of  10  to 
12  tons  to  a  temperature  of  395°  C.  for  a  considerable  time  in  the 
air,  whereby  the  whole  of  the  arsenic  is  volatilised  without  loss  of 
bismuth.  Tamm  i-emoves  arsenic  by  dipping  thin  strips  of  iron  into 
the  bismuth  fused  beneath  a  layer  of  borax  at  a  bright  red  heat. 
The  arsenic  is  said  then  to  combine  Avith  the  iron,  and  to  be  com- 
pletely removed  from  the  bismuth  as  arsenide  of  iron.  A  small 
portion  of  iron  is,  however,  retained  in  the  bismuth.  Johnson, 
Matthey  and  Co.^  remove  antimony  by  poling  the  bismuth,  which 
is  heated  up  to  the  oxidation  point  of  antimony,  by  means  of 
a  piece  of  wood,  the  scum  produced  being  removed  as  long  as  any 
forms  upon  the  surface  of  the  bath  of  metal.  For  example,  7  cwts. 
of  the  molten  metal  which  contained  96'2  per  cent,  of  bismuth, 
0"8  per  cent,  of  antimony,  0*4  per  cent,  of  iron,  2"1  per  cent,  of  lead, 
1  Matthey,  Chemical  News,  1893,  pp.  63-67. 
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()'5   per  cent,   of  copper,  and    a    trace    of    arsenic,  were  heated  iov 
4  hours  in  the  above  manner  to  a  temperature  of  458°  C,  at  the  end 
of  which  time  the  bismuth  was    free    from    antimony.     The    scum 
contained  80  per  cent,  of  antimony  as  oxide,  and  about  10  per  cent, 
of  bismuth.      Antimony  may,  moreover,  ^be  completely  removed  by 
melting   bismuth'  with    bismuthic    oxide    in    clay    crucibles.      The 
quantity  of  oxide  should  be  from  2h  to  3  times  that  of  the  antimony 
to  be  removed.     The  bismuthic  oxide  oxidises  the  antimony  to  oxide, 
being  itself  reduced  to  metal.     The  oxide  of  antimony  mixed  with 
a  small  portion  of  oxide  of  bismuth  rises  to  the  surface  of  the  bath 
of  metal  and  is  skimmed  off  it.     Borchers  ^   removes  arsenic  (after 
lead    has    been    removed    by    melting   with  caustic  soda,  sodic  and 
potassic  chlorides,  and  bismuth  oxy-chloride)  by  melting  the  metal 
with  caustic  soda  and  nitre,  care  being  taken  to  avoid  overheating ; 
he    only    melts   with    soda    and  sulphur   when    a  considerable  pro- 
portion of  antimony  is   present.     According  to  Tamm,  copper  can 
be  removed  by  melting  bismuth  with  potassic  sulpho-cyanate.     For 
this  purpose  8  parts  of  potassic  cyanide  are   mixed  with   3  parts  of 
flowers  of  sulphur  and  the  mixture  is  thrown  on  to  the  molten  metal. 
Potassic  sulpho-cyanate  is  formed  with  an  evolution  of  heat,  so  that 
the    compound    burns    in    part,    throwing    out    sparks,    the    copper 
separating  out  in  the  form  of  sulphide  :  any  bismuthic  sulphide  that 
may  be  formed  is  reduced  to  metal.     As  soon  as  the  re-action  is  over 
and  the  mass  is  in  a  state  of  tranquil  fusion,  the  slag  is  allowed  to 
solidify  and  the  still  fluid  bismuth  is  poured  off.     Together  with  the 
copper  a  portion  of  the  lead,  antimony  and   arsenic   are    removed. 
Copper  is  also   said  to  be  removed  by  melting  the    bismuth    with 
bismuthic  sulphide,  the  latter  being  reduced  to  metal.^ 

The  best  method  of  removing  the  copper  is  said  to  be  by  stirring 
sodic  sulphide  into  the  molten  bismuth,  whereby  the  copper  is  also 
separated  in  the  form  of  sulphide.-*  According  to  Borchers  *  lead  can 
be  removed  as  soon  as  the  quantity  exceeds  the  fraction  of  a  per 
cent,  by  heating  the  metal  with  bismuthic  oxychloride  in  quantity 
corresponding  to  that  of  the  lead  present,  in  cast-iron  kettles  under 
a  molten  layer  of  the  chlorides  of  sodium  and  potassium  for  a  period 
of  3  hours.  As  soon  as  a  sample  of  the  metal  sets  showing  coarse 
foliation,  the  refining  is  finished.  After  the  solidification  of  the 
metal  the  slag  is  removed  by  dissolving  in  water.  Borchers  considers 
the  removal  of  lead  by  melting  the  metal  with  caustic  soda  and 
nitre,   as   has   often   been   recommended,  to  be   defective,  because 

^  Electro-metalhirgie,  1895,  p.  328.  ^  Proc.  Royal  Soc,  vol,  xlii. ,  p.  89. 

3  Tech.  Chem.  Jahrb.,  1890-91.  ■*  Op.  cit.,  p.  328. 
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pluiiibatcs  are  formed,  which  being  good  oxygen  carriers,  give  rise 
to  losses  of  bismuth.  If,  on  the  other  hand,  the  bismuth  is  free  from 
lead,  but  still  retains  arsenic  and  antimony,  these  bodies  are  to  be 
removed  by  melting  the  metal  with  caustic  soda  and  nitre.  According 
to  Phillips  ^  the  Pattinson  process  is  said  to  separate  lead  from 
bismuth  with  a  considerable  degree  of  perfection,  the  lead  passing 
into  the  crystals.  According  to  Mehu  sulj^hur  can  be  removed  in 
great  part  by  heating  the  bismuth  above  its  melting  point  with  excess 
of  air,  Avhereby  the  former  is  oxidised  to  sulphur  dioxide.  The 
remainder  of  the  sulphur  may  be  removed  by  melting  the  metal 
containing  oxide  of  bismuth  with  soda,  charcoal  and  tartar  or  soap. 
According  to  Tamm  it  may  also  be  removed  by  melting  bismuth 
with  wrought  iron.  Gold  may  be  extracted  from  molten  bismuth  by 
the  aid  of  zinc.  Silver  can  be  removed  in  the  same  way.  The 
bismuth  may  be  freed  from  zinc,  according  to  Mrazek,  by  the  aid  of 
air.  If  copper,  arsenic,  antimony  and  sulphur  are  all  present  in  the 
bismuth,  Tamm  recommends  to  remove  first  the  copper,  then  the 
antimony,  and  finally  arsenic  and  sulphur. 

Purification  of  Bismuth  in  the  Wet  Way 

This  method  is  dearer  than  the  dry  way,  but  yields  on  the  other 
hand  a  purer  product.  It  is  only  employed  when  a  basic  bismuth 
nitrate  is  required  for  medicinal  purposes,  or  when  the  metal  is  to 
be  prepared  for  use  in  the  laboratory.  Herapath's  process  has  for  its 
object  the  preparation  of  basic  bismuthic  nitrate  free  from  arsenic. 
He  dissolves  bismuth  in  nitric  acid,  precipitates  the  basic  nitrate  by 
diluting  the  solution  with  water,  boils  the  residue  with  caustic  potash 
or  soda  to  remove  arsenic  or  lead,  washes  the  oxide  thus  obtained,  re- 
dissolves  in  nitric  acid,  and  again  precipitates  the  basic  nitrate  from 
the  solution  by  means  of  water.  Deschamps  produces  pure  bismuthic 
nitrate  by  dissolving  the  bismuth  in  nitric  acid,  any  tin  or  tin 
oxide  thus  remaining  in  the  residue,  treating  the  solution  with 
ammonia,  which  throws  down  bismuth  whilst  copper  and  silver 
remain  in  solution,  boiling  the  precipitate  with  a  solution  of  caustic 
potash,  whereby  lead  and  arsenic  are  dissolved,  and  dissolving  the 
precipitate  in  nitric  acid,  and  precipitating  the  basic  nitrate  by 
means  of  water.  Schneider  dissolves  bismuth  in  nitric  acid  heated 
to  between  75°  and  90°  C,  whereby  the  whole  of  the  arsenic  present 
separates  out  in  the  form  of  arseniate  of  bismuth  with  some  basic 
bismuthic  nitrate.     (When  cold  nitric  acid  is  employed,  arsenite  of 

^  Eltmcnts  of  Metallaryy,  London,  1891,  p.  614. 
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bismuth  is  formed,  which  is  difficultly  soluble  in  nitric  acid,  and  quite 
insoluble  in  bismuthic  nitrate.)  The  solution  thus  obtained  is 
separated  from  the  residues  by  filtration  through  an  asbestos  filter. 
The  clear  solution  is  evaporated,  when  crystals  of  nitrate  of  bismuth 
perfectly  free  from  arsenic  separate  out.  Hampe  has  proposed  a 
process  for  the  preparation  of  pure  bismuth  for  chemical  purposes. 
He  melts  bismuth  with  a  mixture  of  sodic  carbonate  and  sulphur, 
producing  bismuthic  sulphide,  which  is  dissolved  in  nitric  acid  after 
thorough  washing ;  he  precipitates  the  basic  nitrate  by  the  addition 
of  water,  dissolves  it  again  in  nitric  acid,  and  treats  the  solution  with 
excess  of  ammonia  for  the  'precipitation  of  bismuthic  oxide.  The 
precipitated  bismuthic  oxide  is  dried  and  reduced  by  hydrogen.  The 
composition  of  purified  commercial  bismuth  is  shown  in  the  following 
analyses  of  Schneider : — ^ 

Bolivia.  Saxony. 

I  II  III  IV 

Bi 99-053  99  0(J9  99-390  99-8.30 

Ag 0-083  0-621  0-188  0-075 

Pb —  —                 —  trace 

Cu 0-258  0-156  0-090  0-040 

Fe —  —                —  0  026 

Sb 0-559  _                 _  _ 

As —  —  0  255  — 

Au —  trace             —  — 

Tl —  0-140  —  — 

BiSMt'TH    PRODUCED    IX    1890    IN    THE    SmALT    WoRKS    OF    SaXOXY. 

I  II 

Bi 99-791  99-745 

Ag 0  070  0-066 

Pb 0-084  0-108 

Cu 0-027  0019 

Fe 0-017  trace 

As —  0-011 

S trace  0-042 

So-called  Commercial  "Bismuth  Purissimum." 

I  II  III 

Bi 99-922  99-849  99  982 

Ag —  0-047  — 

Pb —  0-049  0065 

Cu 0016  0  019  0-032 

Fe      trace  trace  trace 

As 0025  0-024  trace 

Journ.  f.  Pract.  Chem.,  vol.  xxiii.,  p.  75.     Ibid.,  N.F.   xliv.  23-48. 
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Physical  Properties 

Tin  has  an  almost  silvery  whiteness  with  a  slight  bluish  tinge 
and  a  brilliant  lustre.  The  latter  depends  to  a  large  extent  on  the 
temperature  at  Avhich  it  is  poured ;  if  the  temperature  were  too  high, 
the  surface  would  show  iridescent  colours,  while  if  poured  at  too  low 
a  temperature  the  surface  would  be  dull.  The  admixture  of  small 
quantities  of  foreign  metals  (lead,  arsenic,  antimony,  iron,  bismuth) 
also  diminishes  the  lustre  of  tin. 

Tin  is  dimorphous.  It  crystallises  in  the  forms  of  the  tetragonal 
and  rhombic  systems.^  The  tetragonal  form  is  obtained  by  reduction 
from  a  solution  of  stannous  chloride,  or  by  cooling  molten  tin  at 
the  usual  temperature  of  the  air.  Rhombic  tin  is  produced  by  a  very 
gradual  cooling  of  molten  tin  at  a  temperature  slightly  lower  than  its 
melting  point.  The  structure  of  tin  is  distinctly  crystalline  ;  if  the 
surface  of  tinned  plate  or  tinfoil  be  etched  with  hydrochloric  acid 
which  contains  free  chlorine,  or  with  stannic  chloride,  it  becomes 
covered  with  a  pattern  resembling  frost  pictures  on  windows  {moird 
metallique).  A  bar  of  tin  emits,  when  bent,  a  characteristic  creaking 
noise,  the  so-called  "  cry "  of  tin.  This  is  due  to  its  crystalline 
structure,  the  individual  crystals  grinding  against  one  another  on 
bending. 

Some  kinds  of  tin  when  exposed  to  severe  cold  ( —  20°  C.)  acquire 
a  rod-like  or  columnar  structure.  At  lower  temperatures  still 
( —  40°  C),  the  rods  or  columns  break  up  into  grey  friable  grains.  These 
small  grains  from  their  characteristic  colour  are  known  as  the. grey 
modification  of  tin.  The  exact  cause  of  this  molecular  change  is  not 
known ;  under  these  conditions  (and  presumably  as  the  result  of 
them)  certain  kinds  of  tin  break  uj),  while  others  are  not  affected. 
If  a  small  quantity  of  the  grey  modification  bo  hammered  into  some 

^  V.  FouUon,  Jahrh.  tier  K.  K.  Geoloy.  licirh'ianstalf,  1884,  p.  367. 
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ordinary  tin,  the  latter  in  a  short  time  changes  into  the  grey  modifi- 
cation.^ The  specific  gravity  of  cast  tin  is  7'291,  of  rolled  tin  7"299, 
■of  electrically  deposited  tin  from  7"143  to  7'178.  That  of  the  grey 
modification  varies  about  a  mean  of  7'195  (Rammolsberg),  while  this 
variet}^  after  remelting  has  a  specific  gravity  of  7''310. 

Tin  is  harder  than  lead  but  softer  than  gold.  It  is  so  extensible 
at  ordinary  temperatures  that  it  can  be  beaten  and  rolled  to  thin 
leaf  (sheet  tin  and  tinfoil).  At  higher  temperatures  its  extensibility 
diminishes,  until  at  200°  C.  it  is  so  brittle  that  it  breaks  to  pieces 
when  hammered,  and  can  be  powdered.  If  the  temperature  at  which 
tin  is  cast  be  either  too  hiffh  or  too  low,  it  will  be  "  short,"  i.e.  brittle. 
The  addition  of  1  per  cent,  to  2  per  cent,  of  copper  or  lead  increases 
the  hardness  and  tenacity  of  tin. 

Tin  is  ductile  but  possesses  little  tenacity ;  it  is  most  ductile  at 
about  the  temperature  of  100°  C. ;  a  wire  0'08  inch  in  diameter 
breaks  under  a  load  of  54  lbs. 

The  melting  point  of  tin  is  given  differently  by  different 
observers :— Creighton,  228°,  Rudberg,  228-5°,  Kupffer,  232°,  Person, 
232-7°.  It  boils  at  a  white  heat  (between  1600°  and  1800°),  and 
burns  with  a  white  flame  in  the  air  at  this  temperature,  forming 
stannic  oxide.  Its  linear  expansion  by  heat,  according  to  Calvert  and 
Johnson,  between  0°  and  100°  C,  is  0-002717;  its  specific  heat 
between  0°  and  100°  C,  according  to  Regnault,  is  0-0562;  its  con- 
ducting power  for  heat  is  145  to  152,  when  silver  is  taken  as  1000 
(Wiedemann  and  Franz) ;  its  conducting  power  for  electricity  at 
21°  C.  is  11-45  (Mathiessen)  or  14-01  (Becquerel),  silver  being  taken 
as  100. 

Tin  is  usually  contaminated  by  iron,  arsenic,  antimony,  lead, 
copper,  bismuth,  tungsten,  molybdenum  and  stannous  oxide.  The 
effects  of  these  impurities  are : — Iron,  if  present  in  considerable 
quantities  makes  the  tin  hard  and  brittle ;  arsenic,  antimony  and 
bismuth,  if  present  to  the  extent  of  0-5  per  cent,  reduce  its  tenacity  ; 
copper  and  lead  (1  per  cent,  to  2  per  cent.)  make  it  harder  and 
increase  its  strength,  but  make  it  less  malleable;  tungsten  and 
molybdenum  render  it  less  easily  fusible;  stannous  oxide  reduces 
its  tenacity ;  sulphur  is  said  to  render  it  "  short." 

The  Chemical  Properties  of  Tin  and  its  Compounds,  which 
ARE  of  Importance  in  its  Extraction 

Tin  at  ordinary  temperatures  is  not  acted  on  by  either  air  or 
water.     In  air,  at   temperatures  above  its  melting  point,  it  becomes 
1  Chem.  Zeitung,  1892,  pp.  16,  1197 ;  1893,  pp.  17,  1386. 
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covered  with  a  greyish  Avhite  film,  a  mixture  of  stannic  oxide  and  tin, 
which  by  continued  heating  is  changed  into  a  whitish-grey  powder  of 
stannic  oxide,  the  so-called  "putty -powder"  of  commerce.  The 
complete  conversion  into  stannic  oxide  is  accelerated  by  raising  the 
tin  to  a  red  heat,  and  also  by  the  presence  of  lead. 

Tin  decomposes  steam  at  a  red-heat,  being  oxidized  to  stannic 
oxide. 

Tin  dissolves  in  hydrochloric  acid  with  liberation  of  hydrogen  and 
formation  of  a  solution  of  stannous  chloride ;  the  concentrated  hot 
acid  dissolves  it  briskly ;  cold,  dilute  acid,  on  the  other  hand,  acts 
very  slowly. 

Cold  dilute  sulphuric  acid  has  very  little  action  on  tin :  the 
hot  concentrated  acid,  however,  forms  with  it  a  solution  of  stannous 
sulphate  with  evolution  of  sulphur  dioxide.^ 

Ordinary  nitric  acid,  of  specific  gravity  1'3,  oxidizes  tin  to 
white  hydrated  metastannic  acid,  insoluble  in  excess  of  nitric  acid  ; 
highly  diluted  nitric  acid  is  reduced  by  tin  with  the  formation  of 
stannous  nitrate  and  an  ammonium  salt.  The  most  concentrated 
nitric  acid  has  no  action  on  tin. 

Aqua  regia  dissolves  tin  forming  stannic  chloride ;  if  there  be 
excess  of  nitric  acid  present  metastannic  hydrate  is  produced. 

Warm  concentrated  solutions  of  either  caustic  potash  or  soda 
dissolve  tin  with  liberation  of  hydrogen,  forming  stannate  of  potash 
or  soda. 

Oxygen  Compounds  of  Tin 

We  know  two  compounds  of  tin  with  oxygen,  stannous  oxide, 
SnO,  and  stannic  oxide  or  stannic  acid,  SnO.,.  Stannous  oxide  acts 
as  a  base,  while  stannic  oxide  acts  both  as  a  base  and  as  an  acid. 

Stannous  Oxide,  SnO, 

is  obtained  by  treating  stannous  chloride  with  alkaline  carbonates  and 
boiling  the  resulting  white  hydrated  stannous  oxide  with  water 
containing  a  very  small  quantity  of  potash,  insufficient  to  dissolve 
the  hydrated  oxide.  This  oxide  takes  the  form  of  small  glisten- 
ing black  crystals,  which  are  not  altered  by  exposure  to  air  at 
ordinary  temperatures,  though  when  heated  in  the  air  they  take  fire 
and  burn,  forming  stannic  oxide. 

The  hydrated  oxide  passes  gradually  in  the  jiresence  of  water 
into  hydrated  stannic  oxide. 

^  Recent  researches  show  that  stannic,  and  not  stannous,  sulpliate  is  formed.     See 
Journ.  Cheni.  Ind.  1898,  p.  214. 
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Stannic  Anhydride,  SnO.„ 

is  found  in  natures  as  tin  stone  or  ccissiterite.  It  can  be  produced  by 
heating  tin  to  a  high  temperature  in  the  air,  or  by  igniting  stannous 
hydrate,  or  by  igniting  stannous  oxalate. 

Stannic  anhydride  in  the  jjure  state  possesses  a  white  or  straw- 
yellow  colour  which  on  heating  changes  to  a  transient  brown.  This 
oxide  is  reduced  to  the  metal  by  heating  it  with  carbon.  It  is 
insoluble  in  all  acids,  but  dissolves  in  aqueous  solutions  of  the 
alkalis. 

Stannic  Acid,  H2Sn03, 

is  prepared  as  a  bulky  white  precipitate  by  treating  stannic  chloride 
solution  with  ammonia :  it  is  soluble  in  sulphuric  and  nitric  acids 
with  formation  of  oxysalts  of  tin,  and  in  aqueous  solutions  of  the 
alkalis  with  formation  of  salts  of  stannic  acid  (stannates). 

A  modification  of  stannic  acid,  the  so-called  nietastannic  acid,. 
H^oSn^Oig,  is  distinguished  by  its  insolubility  in  acids.  It  can  be 
obtained  as  a  white  powder  by  treating  tin  with  nitric  acid.  Ordinary 
stannic  acid  is  converted  by  long  contact  with  water  into  this 
modification. 

Chlorides  of  Tin 

Tin  forms  two  compounds  with  chlorine :  stannous  and  stannic 
chlorides. 

Stannotis  Chloride,  SnCU, 
is  obtained  by  acting   on  tin   with   hot    concentrated    hydrochloric 
acid. 

Stannic  Chloride,  SnCl^, 

is  prepared  by  dissolving  tin  in  aqua  regia,  or  by  passing  chlorine 
through  a  solution  of  stannous  chloride,  or  by  burning  tin  in  dry 
chlorine  gas. 

OXY-SALTS  OF  TiN 

Among  these  must  be  mentioned  the  sulphate  and  the  nitrate  of 
tin.  The  former  is  prepared  by  dissolving  tin  in  boiling  concentrated 
sulphuric  acid.  The  nitrate  is  obtained  when  tin  is  treated  with 
dilute  nitric  acid. 

Sulphides  of  Tin 

Tin  forms  two  compounds  with  sulphur,  stannous  sulphide.  SnS, 
and  stannic  sulphide,  SnSg. 

The  stannous  sulphide  is  obtained  by  melting  together  tin  and 
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sulphur,  or  by  the  action  of  sulphur  vapoui-  on  finel}-  divided  tin. 
It  is  a  leaden-grey  foliated  mass  with  a  metallic  lustre.  It  can  be 
obtained  as  a  brown  precipitate  of  hydrosulphide  by  passing  sul- 
phuretted hydrogen  through  a  solution  of  a  stannous  oxy-salt  or 
stannous  chloride. 

Stannic  sulphide  can  be  prepared  in  the  form  of  golden  yellow, 
glistening  scales  by  heating  together  tin  filings,  sulphur  and 
salammoniac ;  it  is  known  under  the  name  "  mosaic  gold."  The 
hydrosulphide  can  be  prepared  as  a  yellow  precipitate  by  passing 
sulphuretted  hydrogen  through  a  solution  of  a  stannic  oxy-salt  or 
stannic  chloride. 

Phosphorus  and  arsenic  combine  with  tin  directly  as  well  as 
indirectly,  forming  silver-white  brittle  substances. 

Alloys  of  Tin 

Tin  alloys  with  most  metals  in  almost  any  proportion ;  of  these 
alloys  many,  on  account  of  their  special  properties,  are  applied  in 
the  arts.  Among  them  must  be  mentioned  the  tin-copper  alloys, 
e.g.,  bronze,  gun-metal,  bell-metal ;  the  tin-lead  alloys,  e.g.,  pewter, 
tin-foil,  soft  solder;  the  tin-antimony  alloys  (sometimes  with  the 
addition  oi  lead  and  copper),  e.g.,  bearing-metal,  britannia-metal ; 
the  tin- bismuth-lead  allo3^s  used  for  type,  calico-printing-blocks,  and 
castings ;  the  tin-zinc  alloys  used  for  imitation  silver  leaf ;  and  tin 
amalgam  used  for  silvering  mirrors. 

Tin  Ores 

The  only  ore  of  tin  which  is  used  for  the  extraction  of  the  metal 
is  tin  stone  or  cassiterite,  SnOg,  containing  78"6  per  cent,  of  metal.  It  is 
found  in  lodes,  stockworks  and  beds,  and  also  in  secondary  deposits 
of  water-worn  particles,  the  so-called  alluvial  deposits.  The  ores 
obtained  from  the  former  deposits  are  called  lode-ores,  those  from 
the  alluvial  deposits,  stream  tin,  washed  tin,  tin-sand,  black  tin, 
barilla. 

The  lodes  are  found  in  the  older  rocks,  in  granite,  gneiss,  mica- 
schist,  gi'eisen  and  clayslato,  the  cassiterite  being  usuall}^  accompanied 
by  quartz,  mica,  fluorspar,  apatite,  felspar,  soapstone,  tourmaline, 
chlorite,  topaz,  axinite,  sulphides  of  various  metals,  mispickel,  specular 
iron  ore,  magnetic  iron  ore,  native  bismuth,  wolfram  and  molybdenite. 

The  alluvial  deposits  are  formed  by  the  weathering  of  the  lodes 
and  surrounding  rocks.  They  are  therefore  usually  found  occupying 
old  river  beds,  and  mostlv  in  the  neighbourhood  of  the  original  lode. 
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The  ores  from  them  are  invariabl}"  purer,  because  by  the  action  of 
the  atmosphere  and  running  water,  a  portion  of  the  injurious  im- 
purities, e.g.,  arsenides  and  sulphides,  have  been  decomposed  and 
carried  away. 

Tin  ore  is  found  in  England,  Sweden,  Russia  (Pitkaranta  in 
Finland  and  Transbaikalia  in  Siberia),  Saxony,  Bohemia,  Spain  (in 
the  province  of  Galicia),  Portugal  (Zamora),  France  (Morbihan, 
Vaulois,  Cieux,  Montebras),  in  the  United  States  (California,  Dakota, 
North  Carolina,  Virginia,  Alabama),  Mexico,  Brazil,  Peru,  Bolivia, 
Chili,  China,  the  Malay  Peninsula,  Sumatra,  Banca,  Billiton, 
Carimon,  Burmah,  Siam,  Anam,  New  South  Wales,  Queensland, 
Western  Australia  and  Tasmania. 

The  most  important  localities  which  at  present  furnish  a  supply 
of  tin  ore  are,  in  England,  Cornwall  and  Devon,  where  the  deposits 
have  been  worked  since  the  time  of  the  Phoenicians.  The  alluvial 
deposits  are  exhausted  and  at  the  present  time  the  ore  is  obtained 
from  lodes  and  branches  from  them  into  the  enclosing  rock.  Alten- 
berg,  Geyer  and  Zinnwald  in  Saxony,  must  be  mentioned ;  in  these 
localities  the  ore  is  found  in  stockworks ;  also  Graupen  and  Schlaggen- 
wald  in  Bohemia,  where  it  occurs  in  similar  deposits.  The  quantity 
of  ore  produced  in  Saxony  and  Bohemia  is  small  in  comparison  with 
that  obtained  from  England,  Australia  and  the  East  Indies.  In 
France,  tin  stone  is  found  in  Brittany  (at  Yilleder  and  Piriac)  and  in 
Creuse  (at  Montebras),  but  only  in  small  quantities  ;  also  in  small 
•quantities  in  Spain  (in  Galicia). 

Beyond  the  continent  of  Europe  the  most  important  localities 
where  tin  has  been  discovered  are  : — in  the  East  Indies  (alluvial 
deposits),  Banca,  Billiton,  Sumatra,  the  Carimon  Islands,  the  Malay 
Peninsula ;  in  Australia,  both  alluvial  deposits  and  lodes  are  found  in 
New  South  Wales  and  Queensland.  The  most  important  Australasian 
locality  is  Mount  Bischoff  in  Tasmania,  where  the  ore  is  found  in 
alluvial  beds,  in  lodes,  and  in  stockworks  or  pockets.  A  dyke  of 
eurite  and  porphyry  having  broken  through  the  Silurian  shales  and 
sandstones,  these  latter  are,  at  their  contact  with  the  dyke,  all 
cracked  and  fissured,  and  the  fissures  are  filled  with  tin  ore,  and 
arsenical  and  copper  pyrites.  These  sulphides  increase  in  quantity 
with  depth. 

Tin  is  also  found  widely  disseminated  in  Bolivia  at  Chorolque, 
Oruro,  Potosi  and  Porco. 

The  greatest  amount  of  stream  tin  is  produced  in  the  above- 
mentioned  localities  in  the  East  Indies. 

Tin  stone  possessing  a  fibrous  structure  is  known  as  icoccl  tin. 
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The  mineral  tin  'pyrites  or  hell-metal  ore  may  also  bo  referred  to  here, 
as  it  contains  tin  to  the  extent  of  25  to  28  per  cent.  It  consists 
of  an  isoniorphous  mixture  of  the  sulphides  of  tin,  zinc,  iron  and 
copper ;  the  only  place  where  crystals  of  it  have  been  found  is  Huel 
Rock,  St.  Agnes',  Cornwall.  On  account  of  its  rarity  it  is  not  used 
as  a  source  of  tin. 

The  Extraction  of  Tin  from  the  Ore 

The  dry  method  is  principally  used  for  the  extraction  of  tin,  but 
wet  methods  are  used  in  some  cases  to  assist  in  the  separation  of 
certain  injurious  impurities.  Different  proposals  for  the  treatment  of 
tinstone  by  electro-metallurgical  methods  have  been  made,  but  they 
appear  to  have  no  prospect  of  success.  Proposals  have  also  been 
made  for  the  treatment  of  tin  slags  in  this  way.  but  it  does  not  appear 
that  there  has  been  any  practical  application  of  them  so  far. 

Wet  methods  as  well  as  electrical  methods  have  been  applied  to 
the  recovery  of  tin  from  refuse,  especially  from  tinned  plate  cut- 
tings. 

The  metal  obtained  from  tinstone  is  nearly  always  contaminated 
by  foreign  elements  and  therefore  needs  to  be  purified  from  them. 
This  purification,  the  refining  of  tin,  is  done  in  the  dry  way ;  it  can, 
however,  be  done  with  the  assistance  of  wet  methods. 

We  have  therefore  to  distinguish  : — 

I.  The  extraction  of  tin  in  the  dry  way,  subdivided  into  : — 

A.  The  extraction  of  tin  from  tinstone  and  from  the  inter- 

mediate products  and  dross  obtained  during  the  process. 

B.  The  refining  of  tin  and  working  up  of  refinery  di'oss. 

C.  The  extraction  of  tin  from  skimmings  and  other  forms  of 

dross. 

II.  The  extraction  of  tin  in  the  wet  way. 

III.  The  extraction  of  tin  by  electro-metallurgical  methods. 

I.  The  Extraction  of  Tin  in  the  Dry  Way 

A.   THE    extraction    FROM    TINSTONE 

The  extraction  of  tin  from  tinstone  depends  upon  the  reducibility 
of  tin  oxide  by  carbon  and  carbonic  oxide  at  a  high  temperature. 
The  reduction  only  commences  at  a  white  heat.  If  the  tin  ore  be 
accompanied  by  oxides  of  other  heavy  metals,  especially  ferric  oxide, 
as  is  usually  the  case  with  lode  ores,  these  are  reduced  at  the  same 
time,  part  of  the  reduced  metal  going  to  contaminate  the  tin  and 
part  forming  furnace   sows  and    hears.      Further,  the  reduced  iron 
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separates  the  metals  from  any  sulphides  present,  and  these  alloy 
with  the  tin.  Stannic  oxide  acts  as  a  base  to  silicic  acid,  and, 
therefore,  if  the  latter  be  present,  the  tin  ore  will  form  with  it  a 
very  infusible  slag.  The  difficultly  reducible  monoxide  bases  (the 
alkalis  and  the  alkaline  earths),  towards  which  stannic  oxide  acts  as 
an  acid,  will,  if  present,  likewise  form  slag.  In  consequence  of  the 
contamination  of  tin  by  the  heavy  metals  and  the  formation  of  sows 
and  bears,  on  the  one  hand,  and  the  slagging  of  the  tin  oxide  by 
silica  and  alkalis  on  the  other,  it  is  absolutely  essential  that  the 
tin  ore  be  freed  as  far  as  possible  from  impurities  before  reduction, 
whether  the  latter  is  to  be  performed  in  reverberatory  or  in  shaft 
furnaces.  This  is  done  partly  by  mechanical  dressing  of  the  ores, 
and  partly  by  the  use  of  chemical  means,  such  as  roasting  or  treat- 
ment with  acids.  The  preliminary  cleaning  of  tin  ores  therefore  is 
an  important  part  of  the  extraction  of  tin.  It  is  not  practicable, 
however,  to  free  tin  ore  completely  from  its  impurities,  and  it  is, 
accordingly,  necessary  that  the  impurities  remaining  in  the  ore  after 
the  preliminary  treatment  should  be  carried  away  in  a  suitable  slag. 
Further,  it  is  necessary  that  even  with  a  pure  ore  a  suitable  slag 
should  be  produced,  in  order  that  the  reduced  tin,  which  oxidises 
very  readily  on  exposure,  may  be  protected.  The  production  of  an 
easily  fusible  slag  (from  ferrous  oxide  and  lime)  would,  for  the  reasons 
given  above,  give  rise  to  the  reduction  of  iron  and  the  slagging  of 
tin  oxide  by  the  lime;  it  is  preferable  therefore  to  produce  only  a 
porportionally  small  quantity  of  a  difficultly  fusible  slag,  in  doing 
which  it  will  be  impossible  to  prevent  an  important  quantity  of  tin 
being  mechanically  enclosed.  This  slag  must  be  freed  from  its 
contained  tin  by  resmelting  ;  this  prolongs  the  process  and  tends  to 
a  correspondingly  increased  expenditure  in  fuel. 

We  have  therefore  under  the  extraction  of  tin  from  tinstone,  to 
consider : — 

1.  The  purification  of  tinstone  from  injurious  impurities. 

2.  The  reduction  of  tin  ore. 

1.    THE    PURIFICATIOK   OF   TINSTONE    FROM   INJURIOUS   IMPURITIES 

The  purification  of  tinstone  from  the  greater  part  of  its  im- 
purities is  readily  done  by  taking  advantage  of  its  high  specific 
gravity,  its  stability  at  a  red  heat  and  its  insolubility  in  acids. 

In  consequence  of  the  high  specific  gravity  of  tin  ore,  it  is 
possible  to  remove  earths,  quartz,  silicates,  as  well  as  most  of  the 
metallic  oxides,  by  mechanical  treatment.  The  stability  of  tinstone 
at  a  red  heat  allows  the  hard  siliceous  pieces  of  ore  stuff  to  be  cal- 
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cined  previous  to  dressing  until  they  arc  brittle,  and  by  the  oxidation 
which  takes  place  during  the  roasting,  sulphur,  antimony  and  arsenic 
are  driven  off  from  their  compounds  in  the  ore.  The  insolubility  of 
tin  ore  in  acids  permits  the  removal  of  bismuth  and  copper  from  th^ 
roasted  ore  by  means  of  acids.  In  many  cases  the  tin  ore  contains 
tungsten  compounds,  such  as  wolfram  (FeMn)W04,  scheelite  CaWO^, 
or  tungstite  WO3.  When  such  ore  is  fused  with  alkaline  fluxes,  e.g. 
soda  or  sodic  sulphate,  at  first  timgstate,  and  afterwards  stannate 
of  the  alkali  are  formed.  By  employing  a  suitable  quantity  of  fluxes 
the  tungsten  can  be  removed  while  only  a  trace  of  tin  is  lost  as 
stannate.  This  method  for  the  removal  of  tungsten  from  tin  ores  was 
tried,  but  has  been  abandoned.  The  causes  of  its  abandonment 
are  said  to  be  the  high  cost  of  the  process  itself,  the  restricted 
market  for  alkaline  tungstates,  and  the  loss  of  tin  by  the  formation 
of  sodium  stannate,  and  also  the  disappearance  of  tungsten  from  the 
ore  in  Cornwall.  As  tungsten  compounds,  on  account  of  their  high 
specific  gravity,  cannot  be  separated  from  tin  ore  by  dressing,  the 
separation  is  effected  in  many  places  by  hand  picking  and  careful 
sorting. 

With  stream  tin  a  mechanical  dressing  suffices  in  most  cases  to 
produce  a  pure  tin  ore  ;  with  lode  ores,  however,  roasting,  and  in  many 
cases  solution  processes,  must  be  used  to  assist  the  mechanical 
cleaning.  If  the  lode  ore  contains  much  quartz  or  gangue,  calcining 
to  render  it  brittle,  and  therefore  better  fltted  for  crushing,  is  found 
useful  before  the  dressing  {Altenherg  tin  zwitter). 

By  the  mechanical  dressing  to  Avhich  the  ore  is  subjected,  either 
with  or  without  previous  calcination,  the  gangue,  earths,  quartz  and 
oxides  of  the  heavy  metals  are  for  the  most  part  removed,  while  the 
sulphides,  arsenides  and  tungsten  compounds  nearly  all  remain  with 
the  ore. 

In  order  to  remove  sulphur  and  arsenic,  and  also  to  convert  the 
metals,  with  which  they  are  combined,  into  oxides,  the  ore  is  subjected 
to  an  oxidising  roasting,  which  is  followed  by  a  washing  to  remove 
the  metallic  oxides  formed  during  the  roasting.  If  the  ore  contains 
a  great  proportion  of  arsenic,  as  is  the  case  in  Cornwall,  it  is  sub- 
jected to  a  second  roasting  followed  by  another  washing,  in  order  to 
remove  the  last  portions  of  that  impurity.  When  copper  and 
bismuth  are  present,  the  oxides  of  these  metals,  which  are  formed 
during  the  roasting  process,  are  extracted  by  acids  before  further 
washing;  dilute  sulphuric  or  hydrochloric  acid  is  used  for  the 
purpose. 

Tungsten   used  formerly  to   be   removed  after   the    washing  by 
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fusion  of  the  ore  with  soda  or  glaubor  salt.  By  a  judicious  com- 
bination of  these  processes — dressing,  roasting,  and  lixiviation — the 
tin  contents  of  the  ore  can  be  raised  from  between  1  per  cent,  and 
2  per  cent,  to  between  50  per  cent,  and  70  per  cent. 

The  Roasting  of  Tin  Ore 

The  dressed  ore,  which  still  contains  sulphides  and  arsenic  com- 
pounds, principally  iron  and  copper  pyrites  and  mispickel,is  subjected 
to  an  oxidising  roasting  in  a  reverberatory  furnace.  Sulphur  and 
arsenic  are  expelled  in  the  form  of  sulphurous  and  arsenious  acids, 
and  the  metals  with  which  they  were  combined  are  converted  into 
oxides.  The  arsenious  acid  is  collected  in  long  flues  and  con- 
densing chambers,  while  the  sulphurous  acid  is  allowed  to  escape. 

The  dressed  ore  usually  contains  betw^een  25  and  30  per  cent, 
of  tin. 

If  much  arsenic  be  present  in  an  ore,  the  greater  portion  of  it  is 
not  removed  in  a  single  roasting ;  such  ores  must  therefore  be 
roasted  more  than  once. 

The  chemical  changes  brought  about  by  the  oxidising  roasting  of 
a  finely  divided  mass  of  tin  ore,  iron  pyrites,  copper  pyrites,  mispickel, 
bismuth  and  tungsten  compounds — such  as  frequently  forms  the 
material  for  the  extraction  of  tin — are  as  follows : — 

The  iron  pyrites  is  partly  converted  into  fenic  oxide  and  partly 
into  ferric  sulphate,  sulphurous  acid  being  at  the  same  time  liberated. 
The  ferric  sulphate,  as  the  temperature  rises,  is  split  up  into  ferric 
oxide  and  sulphur  trioxide  or  sulphurous  acid  and  oxygen.  The 
sulphur  trioxide  acts  on  the  sulphides,  and  also  on  the  arsenides, 
which  are  still  unchanged,  oxidising  them. 

Copper  pyrites  is  changed  into  a  mixture  of  copper  oxide  and 
copper  sulphate. 

The  tin  ore  remains  unaltered,  except  a  small  portion  which  is 
changed  into  stannic  sulphate. 

Bismuth  ores  are  converted  into  bismuth  oxide. 

Leucopyrite  loses  the  greater  part  of  its  arsenic  as  arsenious 
acid ;  a  small  portion  of  the  arsenious  acid,  however,  is  changed  to 
arsenic  acid  and  forms  arseniate  of  iron  with  some  of  the  iron. 

Mispickel  is  converted  into  a  mixture  of  ferric  oxide,  ferric  sul- 
phate and  ferric  arseniate,  with  disengagement  of  sulphurous  and 
arsenious  acids. 

Tungsten  compounds  are  unaltered. 

The  copper  in  the  ore  is,  as  far  as  possible,  converted  into  copper 
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sulphate,   so   that   the    latter   may  be    extracted   from   the   roasted 
charge  by  lixiviation. 

As  the  result  of  the  roasting  there  is  obtained  a  mixture  containing 
tin  ore,  oxides  of  iron,  copper  and  bismuth,  sulphates  of  copper  and 
iron,  a  little  tin  sulphate,  ferric  arseniate,  wolfram  compounds,  and 
small  quantities  of  unaltered  sulphides  and  arsenides. 

Ferric  arseniate  is  moderately  stable  at  high  temperatures ;  i 
order  to  decompose  it,  it  is  well  to  mix  powdered  coal  or  organic 
substances  such  as  sawdust  or  pine  needles  with  the  charge.  The 
iron  is  thereby  converted  into  ferric  oxide,  while  the  arsenic  acid  is, 
by  means  of  the  carbon,  converted  into  arsenious  acid  and  suboxide 
of  arsenic,  carbon  dioxide  being  jDroduced. 

Reverberatory  furnaces  for  roasting  are  of  two  kinds  :  a,  those  in 
which  the  roasting  chamber  is  fixed,  and,  h,  those  in  which  the 
whole  or  part  of  it  is  movable. 

The  latter  are  used  in  places  where  the  cost  of  labour  is 
high,  or  Avhere  the  ores  contain  large  quantities  of  sulphur  and 
arsenic,  and  where  there  is  a  large  quantity  of  ore  to  be  handled. 
This  is,  for  example,  the  case  in  Cornwall,  where  furnaces  of  the 
former  kind  have  been  almost  entirely  replaced  by  those  of  the  latter. 
Most  recently,  furnaces  with  partly  movable  roasting  chambers  (the 
Brunton  calcinor)  have  given  place  to  the  more  effective  and 
capacious  Oxland  furnace,  in  which  the  whole  chamber  moves. 

a.  Furnaces  with  fixed  Boasting  Chamber's 

These  possess  either  elliptical,  rectangular  or  square  beds,  with  only 
one  working  door  in  the  short  side  opposite  the  fire.  The  length  of  the 
hearth  varies  from  7  feet  3  inches  to  15  feet;  the  width  (in  elliptical 
beds  the  width  of  the  widest  part)  is  from  5  to  11  feet;  the  height 
of  the  roof  above  the  bed  is  from  1  to  2  feet.  The  charge  varies  with 
the  size  of  the  furnace  from  ^  ton  to  1  ton. 

The  arrangement  of  the  furnace  used  in  Saxony  is  shown  in  Figs. 
278  and  279. 

The  ore  is  dried  on  the  roof  of  the  furnace  and  dropped  into 
the  roasting  chamber  through  the  oi:)ening  a  ;  d  is  the  chinmey ;  c,  a 
flue  by  which  the  arsenious  acid  passes  to  the  condensing  chambers 
and  towers.  The  chimney  d  can  be  completely  shut  off  from  the 
roasting  chamber  by  the  slide  h ;  similarly  the  flue  c  can  be  shut  off 
from  the  roasting  chamber  Ijv  a  slide  or  a  damper. 

In  roasting  ores  containing  arsenic  in  this  furnace,  the  slide  h 
must,  at  the  begiiming,  be  closed,  and   the  furnace  strongly  fired  ; 
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a  great  quantity  of  ar.senious  acid  is  given  off  by  the  ore,  and  this, 
as  the  chimney  is  closed,  must  pass  into  the  condensing  chambers. 
When  the  arsenious  acid  ceases  to  be  given  off,  carbon  is  mixed  with 
the  charge  to  decompose  the  arseniates  which  have  been  formed,  the 
opening  into  the  fine  leading  to  the  condensing  chambers  is  closed, 
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Fig.  278. 


Fig.  279. 


and  that  leading  to  the  chimney  is  opened ;  the  products  of  roasting 
then  pass  into  the  air. 

If  the  ores  contain  very  little  or  no  arsenic,  the  gases  from  roasting 
and  from  the  fire  are  allowed  to  pass  at  once  to  the  chimney.  With 
this  kind  of  ore  the  furnace  is  at  first  gently  fired,  and  the  tempera- 
ture gradually  raised  as  the  sulphur  is  driven  out  of  the  charge. 

During  the  roasting,  the  charge  must  be  regularly  rabbled  and 
turned  from  side  to  side,  in  order  to  bring  each  j)art  of  it  continually 
into  contact  with  the  air,  and  also  to  prevent  any  fritting  together. 
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A  charge  contains  12  to  15  cwt. ;  the  time  of  roasting  depends 
on  the  amount  of  arsenic  in  the  ores ;  those  which  contain  no  arsenic 
will  require  from  6  to  8  hours,  whilst  those  which  do  contain  arsenic 
may  require  as  much  as  24  hours. 

One  or  two  workmen  are  required  for  each  furnace.  At  Tostedt 
(Liineburg  Heath)  furnaces  with  two  working  doors  in  the  longer 
side  are  used.  The  charge  contains  from  16  cwt.  to  1  ton.  In  24 
hours,  from  16  cwt.  to  2  tons  of  ore  are  roas-ted,  according  to  the 
amount  of  sulphur  present,  the  consumption  of  coal  is  16  cwt.,  and 
one  man  on  each  shift  is  required  for  two  furnaces. 

At  Par,  in  Cornwall,  furnaces  with  elliptical  hearths  are  used  : 
the  beds  are  7  feet  3  inches  long,  5  feet  wide,  and  the  height  from 
bed  to  roof  in  the  middle  of  the  bed  is  1  foot  4i  inches.  The 
flues  for  condensing  the  arsenious  acid,  more  than  300  feet  long,  are 
6  feet  6  inches  high  and  8  feet  2  inches  wide,  and  have  cross-walls 
projecting  alternately  from  each  side;  at  the  end  of  the  flue  is  a 
high  chimney.  The  charge  consists  of  10  to  12  cwts.  and  remains 
in  the  furnace  10  to  13  hours  at  a  gentle  red  heat,  being  rabbled  at 
intervals  of  20  to  30  minutes.  The  coal  consumption  varies  from 
2  to  2-6  cwts. 

Ores  containing  excessive  quantities  of  arsenic  are  washed  and 
subjected  to  a  second  roasting  for  8  or  10  hours. 

At  Treleighwood,  in  Cornwall,  the  furnace  bed  is  10  feet  square,, 
and  the  fireplace  2  feet  6  inches  square.  One  ton  of  ore  there 
requires  3  cwts.  of  coal. 

h.  Furnaces  tuith  partly  movahle  Roasting  Chamhcrs 

Among  furnaces  of  this  kind  must  be  mentioned .  the  Brunton 
calciner  which  is  used  in  Cornwall ;  the  construction  of  it  is  shown 
in  Figs.  280  and  281,  in  which  a  is  the  revolving  bed  carried  by  a 
vertical  shaft.  It  consists  of  an  iron  frame,  the  upper  sui'face  of 
which  forms  an  iron  table  fitted  with  concentric  ridges;  between 
these  ridges  are  courses  of  fire-brick.  The  bed  has  the  shape  of  a 
flat  cone,  the  sides  of  which  possess  an  inclination  of  f  inch  to  the 
foot.  The  diameter  varies  between  8  and  14  feet.  In  the  furnace 
figured  in  the  text  it  is  12  feet. 

The  vertical  shaft,  on  which  a  large  toothed  wheel  is  keyed,  is 
driven  by  means  of  the  water  wheel  A  through  the  cogwheels  k  and 
bevel  gearing  i.  The  bed  makes  1^-  revolutions  in  an  hour.^  The 
roof  is  11  inches  above  the  bed:   e  is  the  hopper  through  which  the 

1  Phillips'  Metallurf/y,  p.  51S.     Lomlon,  1891. 
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ore  is  fed,  and  which  is  fitted  with  an  automatic  arrangement  for 
feeding.  Above  the  bed  are  two  or  three  fixed  rakes  with  inclined 
tines    8    inches  long,  fixed   in  a  frame.     By  the  revolution   of  the 
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table  and  the  inclination  of  the  prongs  of  the  rakes,  the  ore  is 
gradually  worked  from  the  centre  to  the  edge  of  the  table  and 
landed  finally  at  the  discharge  opening  by  the  movable  shoot  g. 
Here  it  is,  according  to  the  position  of  the  shoot,  which  is  worked 
by  the  handle  I,  discharged  alternately  into  one  of  the  two  chambers 
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h ;  the  mouth  of  the  chamber,  while  it  is  being  emptied,  is  closed 
with  a  slide. 

In  a  furnace  of  this  sort  2  to  21  tons  of  ore  are  roasted  in  24 
hours  with  a  consumption  of  2i-  cwts.  of  coal  per  ton  of  roasted  ore. 

The  washing  of  the  roasted  ore  concentrates  the  tin  to  about  70 
per  cent.,  after  which  it  can  be  roasted  a  second  time  at  the  rate  of 
about  3  tons  per  24  hours.  The  Brunton  calciner  has  recently,  in 
many  works,  been  replaced  by  the  revolving  calciner  of  Oxland  and 
Hocking. 

Furnaces  with  movable  Roasting  Ghaniber 

Of  this  kind  of  furnace  that  of  Oxland  and  Hocking  may  be 
taken  as  a  ly^e.  It  is  used  in  Cornwall,  and  has  proved  itself 
specially  suited  for  roasting  ores  rich  in  sulphur  and  arsenic. 

The  arrangement  adopted  in  English  tin  works  is  shown  in 
Figs.  282  and  283. 

B  is  the  revolving  cylinder  from  30  to  40  feet  long,  and  from 
4  to  6  feet  in  diameter ;  it  is  built  of  boiler  plate,  lined  with  fire- 
brick. As  the  ore  travels  forward  by  the  turning  of  the  cylinder, 
it  meets  four  projecting  longitudinal  ridges  of  firebrick  (see  Vol.  I, 
Fig.  64)  between  which  it  lies.  The  inclination  of  the  cylinder 
depends  on  the  nature  of  the  ore  to  be  roasted ;  with  easily  roasted 
ores  it  is  greater  than  with  those  that  require  more  time.  The 
cylinder  is  provided  with  3  bearing  rings  which  work  on  friction 
rollers  c.  Motion  is  communicated  to  the  cylinder  by  the  action 
of  the  bevel  wheel  Z  on  the  toothed  wheel  D,  which  is  bolted  to  the 
shell. 

The  air  which  is  necessary  for  oxidation  enters  the  cylinder, 
warmed  by  its  passage  through  the  flue  i  in  the  roof  A  of  the  fireplace. 
The  ore  is  fed  into  the  upper  end  of  the  cylinder  through  the  hopper 
h  fitted  with  an  automatic  feeder.  The  longitudinal  ridges,  by  the 
revolution  of  the  cylinder,  alternately  raise  and  drop  the  ore  when 
it  reaches  its  angle  of  repose.  Thus  the  ore  is  brought  into  repealed 
contact  with  the  hot  gases  and  air  in  the  cylinder.  Having  arrived 
at  the  lower  end  of  the  cylinder,  the  ore  falls  through  the  opening  e 
into  the  arched  chamber  F,  from  which  it  is  removed  through  the 
door  /  The  cylinder  makes  from  3  to  8  revolutions  per  minute 
according  to  the  nature  of  the  ore. 

The  hot  gases  and  vapours  pass  from  the  upj^er  end  of  the 
cylinder  into  the  system  of  condensing  chambers  Ic,  I,  n,  o,  jJ,  in 
which  the  arsenious  acid  is  deposited,  and  thence  to  the  chimney. 
The  deposit  is  removed  through  the  openings  m,m,  which  are  built 
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up  during  the  working.     The  condensing  chambers  are  covered  with 
cast  iron  plates  g,  on  which  the  ore  is  dried  before  roasting. 


"^ 


One  nian  and  a  boy  per  shift  of  8  hours  are  needed  for  the 
working  of  each  furnace.     The  consumption  of  coal  is  considerably 
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less,  and  the  output  considerably  greater,  than  in  the  Brunton 
caiciner ;  20  to  25  tons  of  ore,  according  to  the  amount  of  sulphur 
and  arsenic  it  contains,  can  be  roasted  in  24  hours  with  the 
consumption  of  1  cwt.  of  coal  per  ton  of  ore. 

Treatment  of  the  Roasted  Ore 

After  the  ore  is  roasted  for  the  first  time,  if  it  contain  copper,  it 
is  washed  with  water,  in  order  to  extract  the  copper  sulphate 
formed  during  the  roasting,  after  which  hydrochloric  acid  or 
dilute  sulphuric  acid  is  added  to  dissolve  the  copper  oxide.  From 
the  washings  the  copper  is  precipitated  by  scrap  iron.  Oxides  of 
iron  and  bismuth  will  also  be  dissolved  by  the  hj-drochloric  acid. 

At  Altenberg,  in  Saxony,  where  the  ores  contain  bismuth,  the 
ore  is  allowed  to  remain  in  contact  with  hydrochloric  acid  for  many 
hours  in  wooden  tanks :  after  this,  the  solution  of  bismuth  chloride 
Avhich  is  obtained  is  diluted  with  water  in  a  second  set  of  tanks  in 
order  to  precipitate  basic  chloride  of  bismuth.  The  liquor  is  then 
run  off  into  a  row  of  vats  where  the  basic  chloride  settles  down,  the 
solution  is  separated  from  the  precipitate,  and  the  latter  dried  and 
smelted  in  graphite  crucibles  with  lime  and  charcoal. 

Removal  of  Tungsten  from  the  Roasted  Ore 

The  wolfram,  which  cannot  be  removed  either  by  dressing  nor  by 
extraction  with  acids  nor  by  roasting,  used  to  be  extracted  at  the 
Drakewells  Mine  by  fusing  the  roasted  and  washed  ore  with  soda 
ash.  This  process,  due  to  Oxland,  depends  upon  the  conversion 
of  wolfram  into  sodium  tungstate  which  is  soluble  in  water.  The 
process  was  carried  out  in  a  reverberatory  furnace,  the  hearth  of 
which  consisted  of  a  shallow  cast-iron  pan. 

The  construction  of  this  furnace  is  shown  in  Fig.  284 ;  a  is  the 
cast-iron  pan  into  which  the  charge  is  introduced  through  the 
opening  z  in  the  roof;  h  is  the  fireplace.  The  fiame  passes  first 
over  the  pan  and  firebridge  g,  then  down  the  vertical  flue  /  and 
along  under  the  pan,  finally  issuing  to  the  chimney  i,  through  the 
flue  c.  The  quantity  charged  at  one  time  varied  from  10  to  11  cwt. ; 
with  coarse  ore,  a  greater  quantity  was  charged  at  one  time. 

The  ore  was  first  charged  and  the  soda  ash  added  as  soon  as  it 
had  attained  an  incipient  red  heat.  The  mass  was  then  well  rabbled 
and  brought  up  to  a  bright  red  heat.  The  quantity  of  soda  ash 
added  was  such  that  a  small  excess  was  present  beyond  that  which 
was  needed  for  the  formation  of  sodium  tungstate.     In  working  this 
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process  the  charge  must  not  be  allowed  to  melt,  the  particles  of  tin 
•on;  being  kept  unf'used.  The  charge  remains  2h  to  3  hours  in  the 
furnace,  after  which  a  porti(Hi  only  of  it  is  drawn  off  through  an 
■opening  in  the  bed  (not  shown  in  the  figure),  into  an  arched  chamber 
underneath.  In  24  hours,  3  to  4  tons  of  ore  can  be  worked  with  a 
■consum))tion  of  0  cwt.  of  coal.  The  fused  mass  is  placed  while  still 
hot  in  lixiviating  tanks  and  there  treated  with  water;  the  solution 
obtained  is  evaporated  either  to  the  strength  at  which  it  will 
crystallise,  or  to  dryness ;  in  the  latter  case  the  residue  will  contain 
70  per  cent,  of  sodium  tungstate. 

The  residue  from  the  lixiviation  is  washed  till  the  oxides  of  iron 
and  manganese,  formed  by  the  decomposition  of  the  wolfram,  are 
■completely  removed. 

This  method    has  been    given    up,  or    is    only  rarely  used  :  it  is 
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■expensive,  and  there  is  some  loss  of  tin,  consequent  on  the  formation 
of  stannates  ;  and  further,  the  market  for  tungsten  compounds  is 
limited,  and  their  price  is  low. 

Glauber  salt,  or  sulphate  of  soda,  being  cheaper  than  soda  ash,  is 
used  in  place  of  it,  coal  being  added  to  decompose  the  sulphuric  acid. 
The  furnace  is  first  worked  with  a  reducing  flame,  which  with  the 
coal  present  in  the  charge  reduces  the  sulphuric  acid  of  the  glauber 
salt  to  sulphurous  acid  which  escapes ;  the  furnace  is  then  worked 
with  an  oxidizing  flame  by  which  the  wolfram  is  converted  into 
sodium  tungstate  and  oxides  of  iron  and  manganese. 

The  charge  is  9  cwts.,  and  4  charges  are  worked  in  24  hours. 
The  mass  is  lixiviated,  while  still  hot,  in  tanks  filled  with  water. 
Both  solution  and  residue  are  treated  in  the  same  way  as  in  the  soda 
ash  method.  This  process,  which  demands  great  care,  has,  on  the 
above-mentioned  grounds,  also  been  given  up. 

A  method  has  been  proposed  by  Michel  1  for  treating  ores  which 
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contain  at  the  same  time  copper  and  wolfram.  The  ore  is  subjected 
to  a  chloridising  roastino-  with  common  salt,  by  which  the  wolfram 
is  converted  into  sodium  tungstate,and  the  copper  to  copper  chloride  ; 
arsenic,  antimony  and  bismuth,  if  present,  will  be  volatilised  as 
chlorides.  From  the  solution  which  will  contain  the  copper  and 
tungsten,  the  former  can  be  precipitated  with  iron,  and  the  latter  by 
calcium  chloride  as  calcium  tungstate.  This  practice  has  also  been 
given  up,  though  it  was  for  a  time  used  in  Bohemia  and  Cornwall. 

At  present  the  most  practical  way  is  to  separate  the  wolfram 
from  tin  ores  by  hand  picking. 

Ore  which  has  been  once  roasted  and  washed,  if  it  is  free  from 
sulphides  and  arsenides,  or  if  it  contain  very  small  quantities  of 
these,  is  smelted  for  the  production  of  tin.  If,  however,  it  contains 
considerable  quantities  of  these  impurities,  as  is  usually  the  case 
in  Cornwall,  it  is  subjected  to  another  roasting  and  washing 
for  the  removal  of  the  last  portions  of  the  sulphur  and  arsenic, 
and  of  the  oxide  of  iron  formed  in  the  roasting.  This  second 
roasting  and  washing  would  be  performed  in  the  same  plant  as  the 
former  ones,  and  the  ore,  after  this  treatment,  would  be  smelted  to 
produce  tin. 

In  Bohemia,  Saxony,  and  some  English  works,  ores  are  only  once 
washed  and  dressed.  The  dressing  of  the  roasted  ores  is  done  in 
Cornwall  by  round  buddies  and  kieves,  and  occasionally,  as  at 
Abertham,  near  Barringen,  in  Bohemia,  in  centrifugal  jigs. 

2.    THE    REDUCTION   OF   TIN   ORE 

The  reduction  of  tin  ore  is  effected  by  smelting  it  with  carbon. 
In  this  process  only  just  enough  slag  must  be  formed  to  protect 
the  reduced  tin  from  oxidation  by  the  air,  unless  additions  are 
required  to  keep  the  charge  open,  or  unless  considerable  quantities 
of  impurities  have  to  be  removed.  The  reason  for  this  is  that  tin 
oxide  has  the  power  to  act  either  as  a  base  or  as  an  acid,  and,  con- 
sequently, is  very  easily  carried  into  the  slag.  The  tin  oxide  Avhich 
is  carried  into  the  slag  can  be  reduced  to  metal  by  employing  a 
sufficiently  high  temperature ;  but  the  latter  is  always  contaminated 
by  other  metals  reduced  at  the  same  time  from  their  oxides  in  the 
slag.  This  is  especially  the  case  with  ii'on  (and  copper,  if  it  be 
present).  Further,  shots  of  tin,  or  prill,  always  become  entangled 
in  the  slag. 

The  first  jjrinciplc  of  the  reduction  of  tin  ore,  therefore,  is  to 
keep  the  quantity  of  slag  as  small  as  practicable.     This  renders  it 
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necessary  that  the  ore  should  be  concentrated  as  far  as  possible 
before  smelting  by  the  preliminary  treatment  (dressing,  roasting, 
lixiviation).  If  tungsten  minerals  remain  in  the  ore  when  it  is 
smelted,  part  of  the  tungsten  goes  into  the  tin  and  part  into  the 
slag,  making  it  less  easily  fusible. 

The  reduction  process  can  be  carried  <jut  in  a  shaft  furnace  or  in 
a  reverberatory  furnace. 

Shaft  furnaces  are  only  used  where  charcoal  can  be  obtained  at  a 
low  price.  Coke  would  cause  the  formation  of  a  greater  proportion 
of  slag,  on  account  of  its  high  percentage  of  ash,  all  of  which  would 
have  to  be  converted  into  slag  ;  it  is  therefore  not  used.  If  the  ore 
is  in  the  form  of  powder,  as  is  usually  the  case,  as  the  result 
of  the  previous  dressing,  some  material  must  be  added  to  the  charge 
to  loosen  it,  and  slags  are  chosen  for  this  purpose ;  this  causes 
a  still  further  increase  in  the  amount  of  slag  produced,  and  a 
corresponding  rise  in  the  quantity  of  tin  which  is  slagged  away. 

Tin  produced  in  shaft  furnaces  is  less  pure  than  that  produced  in 
reverberatory  furnaces,  because  of  the  more  perfect  reduction  which 
takes  place  in  the  former. 

It  is  possible  in  the  shaft  furnace  to  remove  volatile  impurities 
more  completely  than  in  the  reverberatory  furnace,  but  the  loss  of 
tin  by  volatilisation  is  greater  than  in  the  reverberatory  furnace.  In 
order  to  prevent  as  far  as  j^racticable  the  reduction  of  foreign  metallic 
oxides,  and  the  admixture  of  the  corresponding  metals  with  the 
tin,  shaft  furnaces  should  be  comparatively  low ;  this,  however,  reduces 
the  output  of  the  furnace.  Also,  for  the  reasons  given  above,  the 
temperature  at  the  tuyeres  must  be  kept  as  low  as  practicable,  and 
therefore  it  is  not  possible  to  increase  the  production  of  the  furnace 
by  heating  the  blast ;  further,  the  tin,  on  account  of  the  ease  with 
which  it  is  oxidised,  must  be  removed  as  soon  as  possible  from  the 
stream  of  air  entering  the  furnace. 

The  reverberatory  furnace  needs  no  addition  of  any  material  ta 
charges  of  fine  ore  for  the  purpose  of  loosening  it ;  it  allows  the  use- 
of  solid  crude  fuel,  as  well  as  of  gaseous  and  liquid  fuels ;  it  is 
capable  of  a  greater  output  than  the  shaft  furnace,  and  permits  the 
production  of  a  purer  tin,  on  account  of  the  less  severe  conditions  of 
reduction. 

This  form  of  furnace  requires  that  carbon  be  mixed  with  the  ore 
as  a  reducing  agent.  A  non-caking  coal  is  the  reducing  agent 
usually  adopted,  and  if  it  contain  a  small  percentage  of  ash,  a 
smaller  proportion  of  slag  is  produced  than  in  shaft  furnaces.  In 
the  same  way  there  is  a  smaller  loss  of  tin  through  volatilisation.. 
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The  disadvantages  of  the  reverberatory  furnace  are  that  the  bed 
retains  a  proportionately  greater  quantity  of  tin,  which  can  only  be 
recovered  at  the  end  of  a  campaign,  and  that  the  slags  are  richer  in 
tin.  In  spite  of  these,  however,  tin  ores  are  preferably  reduced  in 
reverberatory  furnaces.  Shaft  furnaces  are  only  used  where  it  is 
possible  to  get  charcoal  at  a  low  price,  and  where  coal  is  at  the  same 
time  dear,  and  where  small  quantities  of  coarse-grained  ore  have  to 
be  smelted.  At  the  present  time,  therefore,  the  use  of  reverberatory 
furnaces  is  on  the  increase.  Shaft  furnaces,  which  in  the  past  were 
widely  used,  are  now  only  to  be  found  in  the  places  Avhere  the  above 
conditions  exist. 

a.  The  Reduction  of  Tin  Ore  in  Beverheratory  Furnaces 

Reverberatory  furnaces  are  used  for  the  smelting  of  tin  ore  in 
England,  Australia,  France,  Tasmania,  California,  Singapore,  and  have 
been  introduced  recently  into  Germany,  at  Tostedt,  near  Hamburg. 

The  furnace  consists  of  an  elliptical  bed,  built  of  fire-clay,  from 
4  feet  0  inches  to  12  feet  in  length,  and  from  3  feet  3  inches  to 
8  feet  in  greatest  width.  The  length  most  usual  at  ]3resent  in 
England  is  12  feet,  and  the  width  at  the  widest  part,  8  feet.  At 
Villeder,  in  France,  the  length  of  bed  is  11  feet,  the  width  6  feet 
6  inches,  and  the  mean  height  of  the  roof  above  the  bed,  12 
inches.  Smaller  furnaces  have  the  following  dimensions : — length 
of  bed,  4  feet  6  inches ;  Avidth  of  bed  at  the  widest  part,  3  feet 
4  inches ;  width  at  the  fire-bridge,  2  feet  4i  inches :  width  at  the 
end,  where  the  fiame  leaves  the  bed  and  enters  the  flue,  1  foot 
3  inches. 

These  furnaces  have  two  working  doors — one  in  the  short  side 
opposite  the  fire,  and  one  in  the  long  side  at  the  back  of  the  furnace ; 
in  the  front  of  the  furnace  is  the  taphole,  and  below  it  is  the  pot  to 
receive  the  metal. 

The  construction  of  a  small  furnace,  with  a  bed  of  4  feet  6  inches 
in  length,  and  3  feet  3  inches  in  width,  is  shown  in  Figs.  285  and  286  : 
£■  is  the  bed,  h  the  working  door  at  which  the  ore  is  charged,  a  the 
working  door  at  which  the  slag  is  drawn.  The  bed  is  supported  by 
a  grid  of' iron  bars,  under  which  is  the  vault  h,  which  serves 
to  keep  the  bed  cool  ;  (f  is  the  firegrate  with  the  fire-door,  c ;  ^  is 
the  fire-bridge,  through  which  a  channel  is  built  to  keep  it  cool ;  /  is 
the  opening  by  which  the  flame  leaves  the  furnace ;  n  is  the  flue  and 
m  the  chimney ;  i  is  a  subsidiary  stack  connected  with  the  fire-place 
by  the  opening,  a,  in  the  roof,  into  which  the  products  of  combustion 
are  led  while  the  furnace  is  being  charged,  in  order  to  prevent  the 
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fine  ore  being  drawn  into  the  chimney ;  h  is  the  taphole,  which  is 
connected  on  the  outside  of  the  furnace  with  the  kettles,  I,  I,  for 
receiving  the  metal. 

The  construction  of  a  larger  furnace  is  shown  in  Figs.  287  and 
288^ ;  the  bed  of  this  one  is  12  feet  in  length  and  8  feet  in  width. 
A  is  the  bed,  B  the  charging  door,  E  the  door  for  fh-awing  the  slag, 
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•C  the  fire-grate  with  fire-door  D.  G  is  the  kettle  or  float  for  re- 
ceiving the  tin,  and  ^  is  a  cast-iron  kettle,  heated  by  a  separate 
fire  underneath,  which  serves  to  receive  the  metal  when  the  crude 
tin  is  refined  by  liquation  in  the  same  furnace ;  it  is  also  used  to 
contain  the  liquated  metal  while  it  is  being  hoiled.  N  is  the  stack, 
built  and  bound  in  with  the  furnace,  and  connected  with  it  by  an 

1  For  drawings  of  the  most  recent  form  of  Cornish  furnace,  see  also  H.  Louis, 
"  The  MetaUurgy  of  Tin."     The  Mineral  Industry,  1896,  vol.  v.  p.  533. 
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inclined  Hue.  The  kettle  for  receiving  the  metal  when  the  furnace 
is  tapped  is  lined  with  fire-clay.  The  weight  of  the  charge  of  ore  for 
this  pattern  of  furnace  varies,  according  to  its  size,  and  the  richness 
of  the  ore,  between  15  cwt.  and  4  tons. 

The  ore  before  it  is  charged  into  the  furnace  is  mixed  with  one- 
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fifth  of  its  weight  of  non-caking  coal  or  anthracite,  as  low  as  possible 
in  ash,  and  sometimes  with  a  small  quantity  of  lime  or  fluor- 
spar to  flux  the  constituents  of  the  cish  of  the  coal.  The  mixture  is 
wetted  to  prevent  the  dust  being  carried  away  during  charging,  and 
thrown  on  the  bed  through  the  charging  door,  after  which  it  is 
levelled  from  both  working  doors. 
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The  normal  working  of  a  charge,  which  according  to  its  size 
remains  from  6  to  12  hours  in  the  furnace,  is  as  follows: — First,  all 
doors  being  shut,  a  regular  fire  is  applied  during  from  5  to  8  hours. 
At  the  end  of  this  time,  the  fused  mass  is  thoroughly  stirred,  this 
being  done  through  the  slag  door,  the  position  of  which  under  the 
chinmcy  prevents  the  stream  of  air  which  rushes  in  from  coming  in 
contact  with,  and  oxidising,  the  tin.  After  this  a  strong  heat  is 
applied  for  a  further  period  of  from  f  to  1  hour,  and  the  charge  is 
again  stirred.  The  reduction  of  the  tin,  as  well  as  its  separation  from 
the  slag,  should  now  be  complete.  The  slag  is  now  either  skimmed 
off  from  the  metal  through  the  slag  door,  after  being  stiffened  by  the 
addition  of  fine  coal,  and  the  tin  is  run  out  with  a  small  quantity  of 
slag ;  or  else  both  slag  and  metal  are  tajjped  together.  In  the  latter 
case  the  slag  is  allowed  to  "  set  "  on  top  of  the  metal  in  the  pot,  and 
then  lifted  off.  The  tin  is  now  either  cast  into  ingots  or  passed  on  in 
the  liquid  state  to  be  refined.  A  spongy  mass  of  slag  remains  on  the 
bed  after  tapping :  this  retains  mechanically  a  considerable  quantity 
of  tin  prill ;  it  is  drawn  through  the  slag  door,  after  which  the 
furnace  is  again  charged. 

The  whole  process  lasts  from  6  to  12  hours  according  to  the  size 
of  the  charge  and  the  quality  of  the  ore  and  fuel.  In  Cornwall  7 
hours  are  required  to  work  a  charge  of  22  cwt. ;  in  France  one  of  li 
tons  is  worked  in  6  hours;  and  in  Australia  1  ton  is  smelted  in  12 
hours. 

The  coal  consumed  varies  from  66  to  120  per  cent,  of  the  ore 
smelted,  when  it  is  rich  (65 — 75  per  cent,  tin) ;  for  poorer  ores  and 
larger  furnaces  50  per  cent,  of  coal  is  enough.  From  1  to  3  work- 
men on  each  shift  are  required  to  work  a  furnace.  The  loss  of  tin  in 
smelting  is  from  5  to  7  per  cent.^ 

The  products  of  this  process  are  tin  and  slag.  The  tin,  if 
derived  from  a  pure  ore,  will  be  at  once  taken  in  the  fluid  state  to  be 
refined  either  in  the  boiling  kettle  or  in  a  special  refining  furnace  ;  if 
it  be  impure  it  will  be  cast  into  ingots  and  subjected  to  liquation. 
The  slags  are  silicates  of  tin  and  of  the  other  metallic  oxides  con- 
tained in  the  ore ;  they  also  contain  tungstic  acid  if  wolfram  be 
present  in  the  ore.  Their  constitution  varies  ;  in  most  cases  they  are 
mixtures  of  mono-  and  bi-silicates,  and  contain  mechanically  enclosed 
prill  as  well  as  oxide  of  tin. 

The  following  analysis  gives  the  composition  of  ore  slag  examined 
by    Berthier ;    it    had    been    run    in   a    reverberatory   furnace    at 

^  Engineering  and  Alining  Journal,  1892,  vol.  54,  No.  1,  p.  3. 
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Poullaouen,   in  France,  from   an   ore   from  Piriac,  and  dressed    tin 
dross : — 

SiOg  40 '0  per  cent. 

Snd., 8-4 

FeO" 20-8 

MnO iri 

CaO  3-6 

MgO 10 

Al,03 9-6 

94-0 

Three  sorts  of  slags  are  usually  distinguished,  viz.  : — 

(1)  Poor  slags  which  can  be  thrown  away.  (2)  Richer  slags  (5 
per  cent,  tin)  containing  mechanically  enclosed  prill,  from  which  the 
richer  portions  can  be  separated  by  a  dressing  process,  to  be  afterwards 
smelted  up  with  tin  produced  by  smelting  slag  :  and  (3)  the  slag 
remaining  on  the  bed  after  tapping,  which  contains  a  large  quantity 
of  prill ;  this  can  be  treated  by  smelting  it  with  tin  ore  or  with  the 
rich  product  obtained  by  dressing  the  above  mentioned  second  kind. 

In  Cornwall,  ores  which  have  been  concentrated  from  2  per  cent, 
to  65  or  70  per  cent,  by  dressing  and  containing  4  «to  5  per  cent, 
of  iron,  are  mixed  ^^dth  one-fifth  of  their  weight  of  anthracite  into 
charges  of  22  to  24  cwts.  and  smelted  in  7  hours  in  furnaces 
of  the  larger  pattern,  shown  in  Figs.  287  and  288.  It  is  only  rarely 
that  fluorspar,  lime  or  common  salt  is  added  as  a  flux  in  the 
case  of  difiicultly  fusible  ores.  100  parts  of  ore  in  a  state  of  fine 
division  called  slimes  require  110  to  120  parts  of  coal,  exclusive  of 
that  used  as  a  reducing  agent,  and  produce  60  parts  of  crude  tin 
with  a  loss  in  smelting  of  6 '5  per  cent. 

In  Australia  (Sydney  and  Brisbane)  ores  of  69  to  70  per  cent,  are 
invariably  smelted  with  Australian  coal  in  charges  of  1  ton;  12 
hours  is  required  for  a  charge.  At  Mount  Bischoflf  the  ores  are 
dressed  up  to  47  or  48  per  cent,  and  are  smelted  at  Launceston  in 
small  reverberatory  furnaces.  The  loss  of  tin  is  4'27  per  cent,  and 
the  fine  metal  obtained  contains  99"85  per  cent.  Sn. 

At  Villeder,  in  France,  where  the  furnaces  are  11  feet  in  length 
on  the  bed,  with  a  width  at  the  widest  part  of  6  feet  6  inches,  the 
charge  consisted  of  1^  ton  of  ore  and  6  cwt.  of  anthracite,  and  is 
smelted  in  8  hours.  In  24  hours,  6  tons  of  ore  are  worked  with  a 
consumption  of  9  tons  of  coal,  exclusive  of  the  anthracite  mixed  with 
the  charge  ;  1  workman  manages  each  furnace. 
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At  San  Jacint(-)/  in  Calit'ornia,  cnulu  pctrulfuui  was  used,  being  a 
cheaper  fuel  at  this  phice  than  coal  would  be. 

At  the  Tostedt  W(jrks  on  Liineburg  Heath  (Kreis  Haarburg),  in 
1895,  Bolivian,  Spanish  and  African  ores,  varying  in  richness  from 
40  to  74  per  cent,  were  smelted  in  Cornish  furnaces,  after  a 
preliminary  roasting :  there  are  2  smelting  furnaces,  1  small  one  and 
1  of  the  largest  size.  In  the  small  furnace  the  charge  is  30  to  36* 
cwts.  of  roasted  ore,  and  in  24  hours  72  cwts.  are  smelted  with  a  coal 
consumption  of  48  cwts. ;  each  shift  consists  of  2  men.  Tht;  larger 
furnace  which  needs  a  gang  of  3  men  on  each  shift,  takes  a  charge  of 
3  to  4  tons ;  in  24  hours  132  cwts.  of  ore  are  treated  with  a  consumption 
of  64  cwts.  of  coal.  The  slag  produced  from  ore  smelting  contains 
20  to  25  per  cent,  of  tin  and  is  re-smelted  in  the  same  furnaces.  In 
the  smaller  furnace  with  a  gang  of  2  men,  90  cwts.  of  slag  are 
smelted,  44  cwts.  of  coal  being  consumed :  in  the  larger  furnace,  with 
a  gang  of  3  men  180  cwts.  of  slag  are  treated  in  24  hours,  60  cwts. 
of  coal  being  required.  The  slag  produced  from  this  second  process  is 
again  smelted  2  or  3  times  in  shaft  furnaces  for  the  recovery  of 
the  tin  it  contains. 

Smelting  in  Beverheratwy  Furnaces  in  the  Straits  Settlements 

In  general  outline,  the  process  is  a  development  of  the  Australian 
one ;  Australian  smelters  having  been  employed  to  work  out  a 
method  which  was  adapted  to  the  conditions  prevailing  in  the 
Straits  Settlements. 

The  farnace  employed  is  larger  than  those  usually  found  in  tin 
works  :  the  charge  of  ore  is  4  tons,  and  the  size  of  bed  16  feet  x  9 
feet.  Charges  of  6  tons  have  been  worked,  but  this  was  only  possi- 
ble in  a  gas  regenerative  furnace,  in  which  the  working  was  not 
satisfactory.- 

An  important  and  novel  feature  of  the  Straits  furnace  is  the 
"  water-vault."  In  ordinary  furnaces  the  leakage  of  tin  through  the 
bed  into  the  vault  is  considerable,  even  when  the  utmost  care  is 
taken  to  secure  a  tight  job,  and  the  melted  metal  has  constantly  to 
be  ladled  out  of  the  vault.  Some,  however,  always  penetrates  into 
the  foundations,  below  the  floor  of  the  vault,  and  into  the  ground 
still  further  down ;  it  travels  onward  and  downward  under  the 
fluid  pressure,  which  is  considerable,  as  long  as  the  ground  has 
a  temperature  above  the  melting  point  of  tin,  260°  C.     The  brick- 

^  EiKjinttriiig  and  MiniiKj  Journal,  1892,  vol.  54,  No.  l,p.  3. 
2  McKillop  and  Ellis,  Inst.  Civil  Ewj.;  1895-1896. 
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work  and  concrete  of  a  furnace  and  the  ground  on  which  it  is  built 
are  constantly  at  a  temperature  of  200"^  C.  or  more  for  several  feet 
from  the  furnace  walls,  and  hot  tin  can  only  have  the  effect  of  still 
further  raising  the  temperature  of  the  ground  into  which  it  percolates. 

The  amount  of  tin  which  accumulates  in  and  under  a  furnace 
which  has  been  working  for  some  time  is  very  great,  and  as  it  can 
only  be  recovered  when  the  furnace  is  demolished,  the  charge  for 
interest  is  heavy. 

The  water-vault  furnace  ^  completely  obviates  these  diflficulties. 
The  vault  is  deeper  than  in  the  ordinary  furnace,  and  consists  of  a 
water-tight  tank  extending  under  the  whole  area  of  the  bed  and 
fire-bridge,  so  that  all  leakage  shall  drop  into  it.  It  is  filled  with 
water  to  a  depth  of  at  least  6  feet,  and  the  result  is  that  tin  drop- 
pings are  at  once  cooled  and  retained  in  the  vault.  At  the  end  of  a 
week  or  fortnight  the  water  is  pumped  out  and  the  granulated  tin 
recovered.  If  care  be  taken  to  maintain  a  sufficient  depth  of  water 
in  the  vault,  no  explosion  can  occur,  as  any  red-hot  charge  falling 
into  the  water  is  quenched.  Danger  exists  when  there  is  insufficient 
water ;  in  this  case  when  a  red-hot  charge  falls  into  the  vault,  instead 
of  merely  raising  the  temperature  of  a  large  body  of  water,  it  converts 
the  smaller  quantity  into  steam  with  explosion ;  8  feet  of  water  has 
been  found  sufficient  in  practice. 

The  variations  in  practice  in  the  Straits  Settlements  are  such 
that  the  slag  from  smelting  ore  is  moderately  rich  in  tin,  while  the 
metal  is  very  pure.  The  ore  slag  is  smelted  with  culm  and  sufficient 
iron  to  displace  all  the  tin  from  the  silicate  of  tin  ("  glass-slag ") 
formed  in  the  first  process.  The  result  is  a  clean  and  poor  slag, 
which  can  be  throwTi  away,  and  a  metal  containing  considerable 
quantities  of  iron.  The  latter  is  removed  by  liquation  and  refining, 
and  is  used  for  decomposing  fresh  charges  of  slag  (silicate  of  tin).- 

b.  The  Reduction  of  Tin  Ore  in  Shaft  Furnaces 

The  extraction  of  tin  in  these  furnaces  is  practised  in  Saxony, 
Bohemia,  Bolivia;  Billiton,  Banca  and  the  Malay  Peninsula,  and 
other  parts  of  the  Far  East. 

Shaft  furnaces  must  be  low  because  otherwise  foreign  oxides 
would  be  reduced  and  their  metals  would  alloy  with  the  tin :  sows 
would  also  be  formed  in  the  furnace.  The}^  are,  therefore,  not  built 
more  than  10  feet  in  height.  As  the  reduction  of  the  ore  demands 
a  high  temperature,  the  shaft  is  contracted  at  the  zone  of  fusion. 

1  McKillop  and  Ellis,  loc.  cif. 

2  See  Louis,  The  Mineral  Industry,  vol.  v.  1896. 
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The  width  of  the  mouth  is  not  more  than  3  feet  3  inches,  and  the 
depth  (from  back  to  front)  from  2  feet  to  2  feet  3  inches. 

In  order  that  the  tin  may  get  away  as  quickly  as  possible  from 
the  oxidising  action 
of  the  blast,  and  to 
prevent  the  forma- 
tion of  sov)s  on  the 
sole  -  block,  these 
furnaces  are  always 
built  on  the  ''spilr'' 
principle,^  and  are 
usually  worked 
with  an  open  tap- 
hole  or  eye.  They 
are  provided  with 
dust  chambers  to 
collect  the  volatil- 
ised tin  and  the 
fine  ore  which  is 
carried  away  by  the 
blast. 

The  construc- 
tion of  a  furnace 
at  Altenberg,  in 
Saxony,  is  shown 
in  Figs.  289  and 
290. 

In  these  h  is 
the  inner  lining  of 
granite  10  feet  2 
inches  high,  which 
is  enclosed  on  three 
sides  by  the  granite 
or  gneiss  outer  wall 
r ;  V  is  the  front 
wall.  The  sole 
block    0    is    formed 

by  a  granite  slab  inclined  at  an  angle  of  26°,  and  well  covered  over 
with  a  brasque  of  fire-clay  containing  a  small  proportion  of  coal 
dust.     The    furnace   cavity  which    diminishes    in    area    from  above 

1  I.e.  with  an  arrangement  by  which  the  tin  collects  in  a  -pot  (roi'fieijel)  outside 
of  the  chamber  in  which  the  rethiction  takes  place.     See  vol  i.  p.  93. 

VOL.   II.  D    D 
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Fig.  290. 


402 


METALLURGY 


downwards  is  trapezoidal  in  horizontal  section.     The   blast   enters 
through  two  tuyeres  in  the  back  wall  of  the  furnace. 

The  fused  products  pass  through  the  open  eye  of  the  furnace 
into  the  vortiegcl  v:,  hollowed  out  of  a  slab  of  brasque  which  forms  the 
fore-hearth  of  the  furnace.  Here  the  tin  and  slag  separate  from  each 
other ;  the  slag  is  allowed  to  flow  over  the  slag-notch  and  over  an 
iron  plate  u  connected  with  it,  into  the  tank  g.  The  latter  is  filled  with 
water,  and  by  means  of  supply  and  discharge  pipes  can  be  kept  at  a 
fi.xed  temperature.  The  slag,  which  contains  tin  mechanically 
enclosed,   is   chilled   in   the  water   and  is  thereby   brought  into   a 
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Fig.  292. 
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Fig.  291. 


suitable  state  for  subsequent  crushing.  The  tin  is  tapped  through 
the  taphole  z  from  the  vorticgcl  into  the  tapping  pot  {stechhcrd)  s  : 
the  taphole  is  Sh  inches  wide,  and  passes  through  the  iron 
plate  .'•,  which  is  4J  inches  thick.  The  stechherd  is  made  of  either 
cast-iron  or  granite,  with  a  lining  of  clay,  and  is  1  foot  7  inches  in 
diameter  and  1  feet  4  inches  deep.  Beyond  the  furnace  is  a  system 
of  dust  chambers  not  sho^vn  in  the  figure. 

The  construction  of  a  furnace  at  Graupen,  in  Bohemia,  is  shown 
in  Figs.  291,  292  and  293. 

One  tuyere  only  is  used,  and  the  shaft  is  8  feet  lOA  inches  high 
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and  trapezoidal  in  horizontal  section.  The  sectional  area  of  the 
cavity  is  diminished  from  above  downwards  by  the  convergence  of 
the  side  walls.  The  lengths  of  the  parallel  walls  at  the  mouth  are  : — 
the  front  1  foot  6  inches  and  the  back  1  foot  8  inches :  at  the  tuyere 
level  the  lengths  are: — the  front  10  inches,  the  back  13|  inches.  The 
inclined  sole-block  is  formed  of  a  fine  grained  sandstone ;  formerly 
porphyry  was  used  for  this  purpose.  The  inner  lining  is  built  of  a 
fire-resisting  stone. 

In  Banca,  three-tuyere  furnaces  are  used  (Vlandeeren's  furnace). 
They  are  worked  on  the  spilr  principle,  and-  are  square  in  section  inter- 
nall3^  They  are  9  feet  2  inches  in  height,  and  the  blast  is  supplied 
by  a  fan :  the  construction  of  one  is  shown  in  Figs.  294  and  295.^ 

A  is  the  shaft,  B  the  open  eye  (taphole)  of  the  furnace,  C  is  the 
spilrtiegel  (cavity  in  which  the  runnings  collect),  U,  E  are  the  tuyeres, 
D  is  the  fan.  These  furnaces  have  replaced  the  older  Chinese 
furnace  with  advantage.  The  smelted  tin  is  ladled  out  of  the 
spurtiegel  into  iron  moulds  and  sent  to  market,  the  hard  tin  [FeSn.,] 
which  remains  behind  (in  the  spurtiegel)  being  first  liquated. 

In  the  Malay  Peninsula  shaft  furnaces  are  also  used.  They  have, 
however,  very  largely  gone  out  of  use  at  the  present  time,  especially 
as  regards  the  older  Chinese  furnace  ^  built  of  wooden  stakes  and 
clay.  The  dressed  ores  are  now  in  part  smelted  in  reverberatory 
furnaces.  The  older  Chinese  furnace  was  built  as  follows  : — wooden 
stakes  8  feet  long  were  fixed  in  the  ground  close  together,  so  as  to  form 
an  inverted  truncated  cone  6  feet  6  inches  high,  with  a  diameter  at  the 
top  of  5  feet,  and  at  the  bottom  of  3  feet  4  inches.  They  were  then 
bound  together  with  flat  bands  of  rattan,  and  the  whole  of  the  interior 
of  the  cone  filled  with  clay  well  rammed  together ;  in  this  the  furnace 
cavity  proper  was  then  hollowed  out.  This  cavity  was  5  feet  deep 
and  had  a  diameter  at  the  top  of  1  foot  6  inches,  and  at  the  bottom 
of  10  inches.  The  opening  by  which  the  blast  was  admitted  was 
placed  3|  inches  above  the  lowest  point  of  the  cavity.  The  primitive 
blower  was  made  out  of  a  hollowed  tree  trunk,  with  2  air  exits  and 
clack  valves,  and  a  piston  which  was  moved  backwards  and  forwards  ^ 
by  a  coolie. 

The  shaft  furnaces  in  the  larger  works  in  the  state  of  Perak  in  the 
Malay  Peninsula  are  built  of  brick  with  an  outer  wall  of  rough 
masonry,  and  are  worked  on  the  spilr  principle  with  open  eye.     They 

1  Jaarboeck  van  het  Mijnwezen  in  Neederlamhrh  Oost-Indie,  1872. 

2  For  full  descriptions  of  the  Chinese  methods  of  smelting,  see  H.  Louis,    "  The 
Metallurg}'  of  Tin."     The  Mineral  Industry,  1896,  vol.  v.  pp.  544  et  seq. 

'  Cramer,  Oesterr.  Zeitschr.  1894,  p.  543. 
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are  6  feet  6  inches  high  from  the  level  of  the  floor.  The  cavity  is 
semi-circular  in  cross  section  and  has  a  diameter  at  the  top  of  1  foot 
6  inches,  which  diminishes  to  6  inches  at  the  eye. 


Fio.  295. 


The  construction  of  a  furnace  of  this  kind  can  be  seen  from 
Figs.  296  and  297.  It  has  only  one  opening  for  the  admission  of  the 
blast,  which  is  produced  in  the  ])rimitivc  manner  described  above  in 
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connection  with  the  older  form  of  Chinese  furnace.  A  is  the  outer 
casing,  B  the  cavity,  G  the  eye,  D  the  forehearth,  F  the  tuyere  in- 
clined at  an  angle  of  40°  or  45°,  G  the  blower,  E  E  are  stages  leading 
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up  to  the  mouth  of  the  furnace.     The  blower  requires  the  services  of 
3  coolies. 

The  ore  is  mixed  with  slags  from  a  similar  previous  process  and 
dross,    the    slag   which   is   added   serving  as  a  loosening   material 
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and  as  a  flux.  .  A  basic  iron  slag  could  not  be  used  for  this 
purpose  because  of  the  slagging  of  tin  and  reduction  of  iron,  and 
consequent  formation  of  soios  or  bears  which  would  result.  The  foreign 
constituents  of  the  ore  pass  chiefly  into  the  slag,  but  part  of  the  metals 
reduced  from  them,  especially  iron  and  copper,  alloy  Avith  the  tin. 
If  the  ores  contain  wolfram,  part  of  tungsten  is  found  in  the  slag, 
and  part  in  the  tin.     In  this  case  the  slag  will  be  less  fusible. 

Tin  and  slag  together  run  from  the  furnace  into  the  forehearth 
and  arrange  themselves  according  to  their  densities ;  if  the  tin  con- 
tain iron,  a  difficultly  fusible  alloy  of  tin  and  iron,  the  so-called 
hardhead  frequently  separates  out  in  the  forehearth.  The  slag  is 
either  lifted  off  the  tin,  or  allowed  to  run  over  the  slag-notch  (gener- 
ally into  a  tank  containing  water).  The  tin  is  usually  tapped  from 
the  forehearth  into  a  tapping  pot  placed  in  front  of  it. 

The  amount  of  slag  added  to  the  ore  may  be  as  much  as  50  per 
cent. ;  the  total  quantity  worked  depends  on  the  size  of  the  furnace, 
and  amounts  to  upwards  of  3  tons  in  12  hours  ;  32  cwts.  of  ore  con- 
taining from  50  to  60  per  cent,  of  tin  will  require  nearly  7*6  cubic 
yards  of  wood  charcoal.  One  or  two  labourers  are  required  for  each 
furnace.  The  loss  of  tin  is  15  per  cent.,  of  which  from  8  to  9  per 
cent,  is  carried  away  by  volatilisation.  The  products  are  crude  tin, 
slag  and  the  so-called  hardhead. 

The  crude  tin  from  the  blast  furnace  is  not  yet  pure  and  must  be 
refined.  Its  composition,  according  to  an  analysis  by  von  Lill  of 
a  sample  from  the  Schlaggenwald  in  Bohemia  is : — 

Sn 97-339  per  cent. 

Fe 0-684    „      „ 

Cu 2-726    „      „ 

As trace 

S trace 


100-749 

The  slags  are  silicates  of  the  metallic  oxides  contained  in  the  ores, 
particularly  ferrous,  manganous  and  aluminous  oxides  with  small 
quantities  of  silicates  of  lime  and  magnesia.  They  also  contain  tin 
oxide,  partly  combined  with  bases,  partly  with  silica,  and  partly  as 
undecomposed  oxide  mechanically  held  by  the  slag.  When  wolfram 
is  present  in  the  ore,  the  slags  will  contain  also  tungstates  of  iron 
and  manganese.  They  are,  according  to  the  proportion  of  silica 
which  they  contain,  a  complicated  mixture  of  mono-  and  bi-silicates 
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with  variable  quantities  of  compounds  of  stannic  and  tungstic  acids  ; 
and  they  always  contain  considerable  amounts  of  metallic  tin  partly 
in  a  state  of  fine  division  and  partly  in  the  state  of  coarse  prill. 

The  composition  of  these  slags  can  be  seen  from  the  two  following 
analyses  of  specimens  from  Altenberg : — 

1.  II. 

Lampadius.  Berthier. 

Per  cent.  Per  cent. 

SiO. 200.5  160 

Snd., 2512  32-0 

WO3 —  10 

FeO 3015  410 

MnO   ......  —  1-7 

CaO 110  3-7 

MgO 1-23  1-7 

AI0O3 •    5-0  2-4 


82-65  99-5 

The  slag  is  subjected  to  repeated  smeltings  with  charcoal  in  shaft 
furnaces  in  order  to  extract  the  tin  it  contains.  The  first  time 
this  is  done  (the  so-called  schlackenverdndern),  it  produces  slag-tin 
{schlaclccnzinn),  and  a  slag  which  contains  mechanically  a  large 
<juantity  of  metallic  tin.  This  slag  is  smelted  again  and  yields 
schlackenzinn,  and  a  second  slag  which  still  retains  metal  mechanically. 
These  latter  slags,  as  well  as  slags  rich  in  tin  from  the  preceding 
processes,  are  subjected  to  a  process  of  dressing,  in  order  to  get  a 
product  rich  in  tin,  which  can  be  added  to  slag-  or  orc'charges ;  at  the 
same  time  the  refuses  obtained  in  smelting  and  refining,  such  as 
liquation  dross,  hardhead,  skimmings,  furnace  dross  and  flue  dust, 
are  worked  up. 

The  smelting  of  slags  is  done  either  in  ore  furnaces,  following 
immediately  upon  the  ore  smelting,  or  in  special  shaft  furnaces  of 
small  height  to  prevent  the  reduction  of  ferrous  oxide. 

It  frequently  happens  in  smelting  ores  containing  iron,  and  more 
so  in  smelting  slags,  that  tin-iron  alloys  (hardhead)  are  formed,  which 
deposit  in  the  forehearth.  These  alloys,  which  have  a  grey  or  white 
colour  and  a  crystalline  structure,  and  are  very  brittle,  are  formed  in 
consequence  of  the  property  of  tin  of  uniting  in  all  proportions  with 
iron  to  form  a  series  of  alloys  of  very  similar  properties.  Alloys  of 
this  kind,  possessing  the  formula  Fe^Sn  (Berthier),  FeSn  (Deville  and 
Caron),  and  FeSn^  (Ncillner)  have  been  isolated. 
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The  composition  of  hardhead  from  Altenberg  in  Saxony  will  be 
seen  from  the  following  anah'ses : — 


98-81 


98M) 


98-00 


Fe  Sno. 


1. 

II. 

III. 

IV. 

Ijainpudiuji. 

JSerzelius. 

lierthier. 

Plattner 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent 

Sii 

.    .          30-5 

31-4 
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Fe 

.    .          (51-.-) 
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W 

.    .            0-9 

1-6 

1-64 

— 
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— 

Cu 





— 

0-99 

Carbon  , 

'.    .            0-95 



— 

0-96 

Slag   .... 

.    .            3-51 

2-4 

— 

— 

100-00 


Hardhead   is   smelted    with    the    other   refuse   products    of   tin 
extraction. 


Examples  of  Shaft  Furnace,  Practice 

The  tin-bearing  rock  mined  in  Altenberg  and  Zinnwald  in 
Saxony,  called  zinnzvjitter,  is  concentrated  by  dressing  and  roasting 
from  I  per  cent,  up  to  50  or  60  per  cent,  of  tin,  and  is  smelted  with 
wood  charcoal  in  the  above  described  furnace  with  the  addition  of 
from  25  to  50  per  cent,  of  slag  from  a  previous  similar  process,  6  or  7 
per  cent,  of  dressed  furnace  dross  and  variable  quantities  of  washed 
drosses  and  hardhead. 

The  furnace  is  worked  without  a  nose  on  the  tuyere. 

Tin  and  slag  collect  in  the  forehearth  whence  the  slag  is  allowed 
to  flow  into  a  tank  containing  water,  while  the  tin  is  tapped  at 
intervals  of  8  to  12  hours  into  the  tapping  pot;  if  the  tin  remains 
longer  in  the  forehearth,  hardhead  separates  out  there. 

When  the  furnace  is  working  properly,  the  tin  Avhich  runs  from 
the  furnace  should  be  red-hot,  and  the  charcoal  visible  through  the 
tuyere  hole  should  be  at  a  yellow  heat ;  if,  however,  the  temperature 
rise  too  high,  both  the  fuel  visible  through  the  peephole,  and  the 
issuing  tin  will  be  at  a  white  heat. 

In  24  hours,  32  cwts.  of  ore  and  16  cwts.  of  slag  can  be  worked ; 
from  7'2  to  7*8  cubic  yards  of  charcoal  are  used  for  every  2  cwts.  of  tin 
produced.  The  loss  of  tin  amounts  to  12  or  15  per  cent.,  of  which  8 
or  9  per  cent,  are  due  to  volatilisation.  The  campaign  lasts  only  8  or 
4  days.  After  the  ore  smelting,  it  is  usual  to  follow  on  innnediately 
in  the  same  furnace  with  the  treatment  of  rich  slags  and  other  inter- 
mediate products. 

The  slags  contain  unaltered  tin  ore  as  well  as  tin  in  the  form  of 
prill.      This    treatment  yields  slag-tin  {schlacl-enzinn)  and  so-called 


TIN  409 

"  'vercinderte  "  slags  containing  still  large  quantities  of  tin.  These  are 
subjected  to  a  further  smelting  (the  so-called  "  schlackentreihen  ")  in 
shaft  furnaces. 

The  products  of  the  ore  smelting  are  crude  tin,  slag  and  hard- 
head. The  crude  tin  is  refined  (either  by  hoiling  or  by  liquating), 
the  slags  are  further  smelted  to  extract  the  tin  they  contain,  and 
the  hardhead,  after  a  preliminary  calcination,  is  added  to  the  charge 
in  the  vcmndern. 

At  Graupen,  in  Bohemia,^  ore  is  extracted  from  gneiss  which 
carries  from  i  to  10  per  cent,  with  an  average  of  2  per  cent.  When 
this  is  dressed  it  yields  coarse  concentrates,  tin  ore  containing 
from  68  to  72  per  cent,  of  tin,  and  slimes  (schliche)  with  from  45  to 
48  per  cent.  These  are  smelted  in  conjunction  wdth  ores  from 
Bolivia,  except  when  tin  of  special  purity  is  required,  in  which 
case  the  concentrated  ores  are  smelted  by  themselves.  Ores  which 
contain  bismuth  are  previously  roasted  and  treated  with  hydrochloric 
acid  for  the  extraction  of  that  metal. 

The  smelting  of  these  ores  is  effected  in  the  furnaces  described  and 
figured  above,  which  are  worked  with  a  dark  top  and  without  nose. 
Slags  are  added  to  the  charge  as  a  flux.  After  tapping,  the  tin  is 
skinnned  in  the  tapping  pot  and  cast  into  bars.  The  slag  wdiich  flows 
into  the  forehearth  Avith  the  tin  is  from  time  to  time  lifted  off  and 
thrown  into  water.  If  the  temperature  rises  too  high,  wet  charcoal 
is  used.  In  24  hours,  22  to  24  cwts.  of  ore  are  smelted,  using  13 
cubic  yards  of  charcoal.     The  slags  contain  10  per  cent,  of  tin. 

The  first  smelting  {ccrdndern)  of  the  slag,  which  is  previously 
reduced  to  the  size  of  peas,  follows  on  the  smelting  of  a  run  of  ore. 
In  this  process  a  higher  pressure  of  blast  is  used  and  the  diameter 
of  the  taphole  is  increased  from  1|  inches  to  3  inches.  Further,  on 
account  of  the  greater  fluidity  of  the  slag  from  this  operation,  the  tin 
is  ladled  from  the  forehearth  ;  if  it  were  tapped  into  the  stechherd,  the 
slag  would  run  with  it  and  would  stop  up  the  taphole.  The  slag 
obtained  is  quenched  in  water,  crushed  and  smelted  in  the  same  furnace 
after  the  slag  obtained  from  ore-smelting  is  finished.  This  second 
smelting  of  slag  is  called  the  treihen.  The  products  are  tin  and  a  twice 
smelted  slag  which  still  contains  tin  mechanically  enclosed  in  it ;  it 
is  therefore  stamped  and  washed,  the  portions  rich  in  tin  being 
added  to  the  charges  in  a  subsequent  smelting  of  ore  or  slag.  Furnace 
residues  (old  bricks,  &c.,  containing  tin)  are  also  stamped  and 
washed. 

In  Banca  the  ore  is  first  dressed  and  then  smelted  in  the  three- 
1  Balling,  MetaUhuttenhumle,  p.  520. 
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tuyered  furnace,  9  feet  8  inches  high,  described  above.  The  smelting 
continues  during  12  to  16  hours,  being  discontinued  in  the  daytime  on 
account  of  the  excessive  heat.  In  the  12  to  10  hours  3  to  4  tons  of 
ore  are  treated,  for  which  30  to  38  cwts.  of  wood  charcoal  are 
required.  The  following  may  be  quoted  as  the  results  of  several 
nights'  work  : — ^ 
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Ore  smelted. 


Ch.ar- 
coal 
Tised. 


From       To    .  No.  of 
I  p.m.  I  a.m.     Hours. 


Lbs. 


I  Moisture. 
Per  Cent. 


Lbs. 


1st 


\       1 


—  I     4 

—  4 


7.4.)   15f   9177 
8    16   9079 


0-6 
2-4 


2nd 


{  I 


8th 


/   2 


2ndto  .  ,-  „  ,_ 
3rd  2-^2    ^-f 
Nov.  ''-^"^   « 

14 
14-1 

12^ 

12f 

6881 
6806 

1 
1-1 
11 

—  6  '6.45 

—  6   6.4.5 

7018 
7061 

2-6   ' 

2 -.5 

4342 
4322 


3492 
3492 


3411 
3492 


Tin  obtained. 


s  o 
s>  u 

o   O 


Blocks.     Lbs. 


66 

72 

4644 
4975 

50-7 
561 

59 

58 

1 
4097 
4140 

60-1 
61-5 

58 
59 


4142      60-3   1 
4262      61-9 


The  smelting  of  slags  and  residues  containing  tin  follows 
immediately  after  the  ore  smelting. 

The  slags  obtained  in  the  above  smelting  of  ore  are  subjected, 
immediately  after  the  ore  smelting,  to  a  repeated  smelting  in  the 
same  furnace ;  a  great  part  of  the  tin  contained  in  them  is  thus 
extracted. 

In  the  districts  of  Perak  in  the  Malay  Peninsula"  26  cwts.  of  tin 
are  produced  in  12  hours  with  a  consumption  of  an  equal  weight  of 
charcoal.  The  newer  furnaces,  figured  and  described  above,  are 
employed. 

THE  EXTRACTION  OF   TIX  FROM  THE    1NTER]MEDIATE    PRODUCTS   AND 
DROSSES   OBTAINED    IN    THE   TREATMENT   OF   TIN   ORE 

In  the  production  of  crude  tin  from  tin  ore  the  following  interme- 
diate products  and  drosses  are  obtained,  viz. : — slag  containing 
tin,  hardhead  and  the  scum  formed  on  the  surfjxce  of  the  bath  of 
metal  in  the  tapping  pot  after  the  tin  has  flowed  from  the  furnace ; 
also  flue  dust  and  furnace  refuse  (e.ff.  old  biicks,  &c.,  which  carry  tin). 

^  Coniiminication  by  Herr  Neeb,  from  the  JaarhoeJc  v.  h.  Mijim'tnen  in  Ntder- 
landsch  Ooat-Indie,  1878,  part  ii.,  pp.  29-99. 
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Slags  from  reverheratory  furnaces. — These,  which  arc  described  on 
page  898,  are  divided  into  three  parts,  one  of  which  is  thrown  away, 
another  is  smelted  to  extract  its  tin,  and  the  third  is  stamped  and 
washed  and  the  richer  portions  of  it  thus  obtained  also  smelted  to 
extract  the  tin  which  it  contains. 

The  slags  which  are  removed  from  the  surface  of  the  tin  in  the 
tapping  pot,  in  which  no  prill  is  visible,  are  thrown  away. 

Those  in  which  prill  is  visible  are  stamped  and  washed,  and  the 
rich  headings  thereby  obtained  smelted  in  reverheratory  furnaces, 
yielding  slag-tin,  and  slag  which  can  be  thrown  away. 

The  slags  which  remain  on  the  bed  of  the  furnace  after  it  has 
been  tapped  (  spongy  slags),  and  are  mixed  with  large  quantities  of 
tin,  are  usually  smelted  with  charges  of  ore,  but  sometimes  they 
are  smelted  with  the  rich  headings  from  the  stamping  and  washing 
of  slag. 

Slags  from  shaft  furnaces,  described  on  page  407.  These,  as  has 
already  been  explained  under  the  extraction  of  tin,  are  subjected  to 
repeated  smelting,  the  so-called  veranclcrn  and  trcibcn  respectively  in 
the  shaft  furnaces.  The  slag  from  the  treiben^  if  worth  it,  is  dressed, 
and  the  product,  a  slag  rich  in  tin,  is  fit  to  be  again  smelted  by  adding 
it  to  charges  of  ore  or  slag.  The  tin  obtained  by  smelting  slag,  the 
so-called  slag-tin,  is  at  least  as  pure  as  that  obtained  from  smelting  ore. 

The  first  smelting  of  slag  {verdndcrn)  takes  place  usually 
immediately  after  the  ore  smelting,  and  in  the  same  furnace.  The 
smelting  of  the  slag  obtained  from  the  first  smelting,  the  so-called 
trcibcn,  is  performed  in  the  same  furnace  immediately  on  the  con- 
clusion of  the  first  smelting,  or  in  special  shaft-furnaces,  known  as 
trcibofen.  The  slag  from  the  trcibcn  is  either  thrown  away,  or  if 
sufficiently  rich  in  tin,  submitted  to  a  dressing  process.  These 
furnaces  are  spilrofcn,  and  are  of  less  height  than  the  ore  furnaces, 
in  order  to  prevent  as  far  as  practicable  the  reduction  of  iron.  Those 
in  Saxony  are  5  feet  6  inches  high,  and  have  a  depth  {i.e.  from  back 
to  front)  at  the  top  of  2  feet  10  inches,  and  at  the  bottom  of  2  feet 
4  inches.  The  cross  section  of  the  cavity  is  trapezoidal  in  shape, 
the  front  and  back  walls  being  parallel.  At  the  mouth,  the  front  is 
1  foot  6  inches  wide,  and  the  back  2  feet  3  inches  :  at  the  bottom 
of  the  cavity  the  front  is  1  foot  3  inches,  and  the  back  1  foot 
7  inches  in  width. 

Other  residues  and  drosses  from  the  treatment  of  tin  ore  and 
from  the  refining  are  added  to  the  slags  when  the  latter  are  smelted. 
A  higher  pressure  of  blast  is  used  in  smelting  slag  than  in  smelting 
ore. 
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The  so-called  hardhead,  the  tin-iron  alloy  referred  to  above,  is 
obtained  in  slag  smelting  in  addition  to  slag  and  tin. 

The  composition  of  a  slag  produced  by  slag  smelting  at  Schlaggen- 
wald  in  Bohemia,  is  given  in  the  following  analysis  by  Lill^ : — 

SiO.^ 24-06  per  cent. 


WO 2403 

SnO., 10-41 

FeO' 20-75 


MnO 
AI0O3 
CaO' 
MgO 


5-64 
9  00 
8-50 
0-37 

97-76 


Berthier  gives  the  following  as  the  composition  of  a  slag  from  the 
second  slag  smelting  at  Altenwald  in  Saxony : — 


SiOjj 27-5  per  cent. 


SnO, 
WO3" 
FeO 
MnO 

CaO 
MgO 

Al.,03 


100-0 

In  Banca  the  slag  produced  by  smelting  ore  is  smelted  with 
dross  in  the  above  described  Van  Vlanderen's  furnaces  immediately 
after  the  conclusion  of  the  ore  smelting ;  for  example,  there  would  be 
smelted  in  two  furnaces  of  that  type  in  12  hours : — ^ 


186  lbs 
2077    ,, 
125^2   „ 
7724    „ 


dry  tin  refuse. 

damp  tin  refuse  containing  5"51  per  cent,  of  moisture, 
stamped  slag  ,,  5*51  ,,  ,, 

coarse         ,,  ,,  3'44  ,,  ,, 


These  would  consume  7060  lbs.  of  charcoal  and  would  yield 
78  blocks  of  tin  weighing  5475  lbs. 

The  slag  obtained  from  this  first  slag  smelting  would  be  again 
smelted  in  the  .same  furnace  with  refuse,  producing  tin  and  a  third 
slag. 


The  charge  would  be  : — 

7  lbs.  dry  tin  dross. 
96    ,,    damp  tin  dross  containing 
1145    ,,         ,,     tine  slag  ,, 

1089    ,,         ,,     coarse  slag     ,, 


1  79  per  cent,  of  moisture. 

20-35 

26 


1  Jahrb.  der  K.  K.  Ihry-Academie,  vol.  13,  p.  64. 


Neeb,  loc.  cit. 
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This  would  yield  236  lbs.  of  tin. 

The  third  slag  obtained  from  the  above  treatment  would  yet  again 
be  smelted  for  the  extraction  of  its  tin  : — 

9  lbs.  dn-  tin  dross. 
65    ,,    damp  tin  dross. 
418    ,,       ,,      fine  slag  containing     6 '25  per  cent,  of  moisture. 
680    „       ,,      coarse  slag     ,,  9-0  ,,  ,, 

which  would  yield  486  lbs.  of  tin. 

The  fourth  slag  resulting  from  this  last  treatment  would  be 
stamped  and  concentrated  by  washing,  the  concentrated  slag 
being  smelted  in  smaller  furnaces  with  tin  drosses  and  richer 
concentrated  slags  from  earlier  smeltings.  The  fifth  slag  resulting 
from  the  above  process  would  be  again  smelted  after  being  stamped 
and  concentrated.  The  sixth  and  last  slag  thus  obtained  would  be 
thrown  away  even  though  it  were  not  quite  free  from  tin. 

Hardhead,  the  tin-iron  alloy  which  is  formed  in  the  smelting  of 
both  ore  and  slag,  has  already  been  mentioned  at  page  407.  This  is 
added  in  the  process  of  slag-smelting,  especially  in  the  treiben 
process  ;  it  is  usually  heated  strongly  with  charcoal  and  suddenly 
quenched  before  smelting. 

Skimmings  formed  during  the  pouring  of  tin  are  added  during 
the  smelting  of  ore  or  slag. 

The  dust  and  furnace  refuse  are  also  smelted  with  slag ;  they  are 
usually  put  through  a  process  of  washing  before  being  smelted. 

I.  B.  The  Refining  of  Tin 

The  tin  obtained  by  the  processes  described  above,  known  as 
crude  or  raw  tin,  is  usually  impure  and  carries  different  metals,  e.g., 
iron,  copper,  lead,  antimony  and  arsenic,  which  deteriorate  it.  It 
therefore  requires  to  be  freed  from  these  impurities  by  a  process  of 
purification,  the  so-called  refining.  This  purification  consists  of  either 
a  liquation  of  the  tin  or  a  liquation  followed  by  boiling  or  tossing. 
In  the  case  of  a  very  pure  tin  like  that  from  Banca,  it  is  only  boiled. 

In  the  liquation  the  pure  tin  is  melted  out,  while  the  impurities 
which  are  less  fusible  than  the  tin,  remain  behind  in  the  form  of 
alloys,  known  as  liquatimi-dross.  In  boiling  and  tossing  each  portion 
of  the  melted  metal  is  brought  into  contact  with  the  air  and  the  more 
easily  oxidisable  metals  thereby  separated  as  oxides. 

The  purification  of  tin  by  liquation  only  (pauschen)  is  practised 
in  Saxony  and  Bohemia,  while  the  purification  by  liquation  and 
boiling  is  usual  in  England. 
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a.  The  Liquation  of  Tin  {Pauschen) 

The  liquation  ("pauschen  "),  or  flowing  {"  Jlossen  "),  of  tin,  is  done 
immediately  after  it  has  been  tapped  from  the  forehearth  into  the 
tapping  pot,  the  so-called  jKiusch-hecrd  being  used  for  the  pui-pose. 
This  is  an  inclined  plate  of  cast-iron  with  ridges  on  it,  covered  with 
clay :  it  is  3  feet  7  inches  long  and  2  feet  4  inches  broad,  resting  on 
masonr}',  with  a  cast-iron  pot  placed  at  its  lower  end.  When  in  use, 
this  plate  is  covered  with  a  layer  of  glowing  charcoal  and  the  tin  is 
taken  from  the  tapping-pot  with  a  ladle  and  poured  over  it ; 
the  less  fusible  alloys  remain  behind  while  the  purer  metal 
runs  off  the  inclined  plate  and  collects  in  the  pot  at  its  lower 
end,  this  being  also  filled  with  burning  charcoal.  It  is  again  ladled 
out  of  the  pot  and  poured  over  the  fuel  on  the  plate,  and  this  is 
repeated  until  it  no  longer  leaves  a  residue  behind  it  in  passing  over 
the  plate. 

After  this,  the  residues  on  the  plate  are  all  collected  together  and 
beaten  with  wooden  hammers,  by  which  process  some  tin  is  liberated 
and  runs  into  the  pot,  while  the  less  fusible  alloys  known  as  "  saiger- 
dorner,"  remain  behind. 

The  tin  which  has  collected  in  the  pot  is  allowed  to  cool  there 
until  it  shows  a  bluish  brilliant  surface,  whereupon  it  is  at  once  cast. 
It  is  either  poured  into  moulds  or  on  to  a  level,  smooth,  polished, 
copper  plate,  from  4  feet  2  inches  to  5  feet  2  inches  long,  2  feet 
broad,  and  ^  inch  thick.  In  the  moulds  it  takes  the  form  of  ingots 
or  bars ;  on  the  copper  plate  that  of  sheets  yV  iiich  thick.  These  are 
taken  when  cold  to  a  rolling  bench  where  they  are  rolled  together 
and  then  beaten  with  wooden  hammers.  The  rolled  tin  is  known  as 
roUenzinn  or  hollenzinn.  The  residues  from  liquation,  called  zinn- 
'jiausche  or  zinnhorner,  are  essentially  a  tin-iron  alloy  containing  varying 
quantities  of  tungsten  and  copper.  They  are  usually  worked  up  by 
adding  them  to  the  charge  in  slag  smelting.  The  composition  of 
liquation  dross  from  Altenwald  is  shown  in  the  two  following 
analyses : — 

Lampadius. 
Per  ceut. 

Wn 68-13 

Fe  25-49 

W 5-14 

Cu 0-74 


II. 

Berthier 

Pel-  cent 

72-.y2 

20-44 

1-04 

— 

99-50  100  0(t 


I.  The  Refining  of  Tin  by  the  English  Method 
The  English  method  of  refining  consists  of  a  liquation  of  the  tin 
in  a  reverberatory  furnace  an    a  subsequent  boiling  or  tossing.     The 
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furnace  used  for  liquation  is  either  the  ore  smelting  furnace  or  one  of 
similar  construction.  In  such  a  furnace  the  charge  would  be  6  or  7 
tons. 

The  tin  melts  slowly  and  runs  through  the  taphole  of  the  furnace 
into  a  cast-iron  pot  placed  below  it,  H.,  Fig.  288,  while  the  less  easily 
fusible  metals,  together  with  some  tin,  remain  behind  on  the  bed  of 
the  ftirnace.  Fresh  ingots  are  piled  on  the  bed  as  those  previously 
charged  are  liquated.  When  no  more  tin  runs  from  the  charge, 
the  temperature  is  raised  until  the  residue  on  the  bed  is  melted, 
after  which  it  is  allowed  to  run  into  a  separate  pot ;  here  the  less 
fusible  metals  settle  down  to  the  bottom  in  the  form  of  tin  alloys, 
while  the  tin,  which  still  contains  small  quantities  of  arsenic,  sulphur 
and  iron,  remains  liquid.  This  tin  is  cast  in  moulds,  and  as  soon  as  a 
sufficient  quantity  has  accumulated,  is  again  liquated. 

The  liquation  dross  and  the  residue  on  the  furnace  bed  are  once 
more  liquated,  after  which  the  infusible  portions  are  either  added  to 
charges  of  slag  or  thrown  away. 

The  tin  which  collects  in  the  refining  pot  {kettle),  amounting  to 
6  or  7  tons  at  one  time,  is  kept  at  a  high  temperature  by  means  of  a 
strong  fire  underneath,  while  it  is  being  boiled,  or  more  rarely,  tossed. 

The  boiling  consists  in  introducing  into  the  bath  of  heated  liquid 
metal  a  log  of  green  timber.  The  wood,  at  the  high  temperature, 
undergoes  a  dry  distillation,  and  the  gases  and  vapour  given  off  set 
up  a  bubbling  action  in  the  bath  of  metal.  By  this  means  every 
portion  of  the  mass  is  brought  into  contact  with  the  air,  the  foreign 
metals  and  a  portion  of  the  tin  being  oxidised.  The  oxides  collect 
together  in  a  foamy  mass,  the  so-called  toil-scum,  on  the  surface  of 
the  metal. 

The  duration  of  the  hailing  depends  on  the  state  of  purity  to 
which  it  is  desired  to  bring  the  tin ;  if  a  high  degree  of  purity  be 
required,  the  boiling  must  be  continued  for  many  hours.  It  is  con- 
tinued till  the  surface  of  the  molten  metal,  after  removal  of  the  scum, 
is  bright  and  shining,  after  which  the  metal  is  allowed  to  stand  quiet 
for  some  time  (1  hour,  more  or  less)  in  order  that  the  heavy  metals 
in  the  tin,  especially  copper  and  iron,  may  have  an  opportunity  to 
settle  to  the  bottom.  After  this,  the  scum  is  skimmed  off  and  the 
metal  ladled  into  moulds.  The  upper  portions  of  the  metal  in  the 
pot  are  the  purest,  the  lower  layers  being  only  of  common  quality ; 
the  portions  at  the  very  bottom  are  usually  liquated  and  boiled  over 
again. 

The  tin  from  the  upper  layers  in  the  refining  pot,  described  as 
refined  tin,  goes  to  the  market  in  the  form  of  ingots  or  of  grain-tin. 
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Tin  (if  second  quality,  either  from  the  lower  layers  of  the  metal  in 
the  refining  pot — or  produced  by  shorter  boiling— goes  by  the  name 
of  common  tin. 

Grain-tin  is  made  out  of  the  purest  block  tin :  the  ingots  are 
heated  to  a  temperature  of  200°  C,  when  it  becomes  brittle  and  is 
beaten  with  a  heavy  hammer,  or  it  is  heated  to  near  its  melting  point 
and  then  allowed  to  fall  from  a  height  of  about  3  feet  on  to  a  flat 
stone.  Grain  tin  is  principally  used  in  the  dyeing  and  printing  of 
textiles. 

Tossing  is  sometimes  resorted  to  in  England  instead  of  boiling. 
To  do  this  the  workman  continually  takes  up  a  ladlefa  oi  the  melted 
metal  and  pours  it  back  from  a  height  into  the  pot  This  method 
also  allows  every  portion  of  the  mass  to  be  brought  into  contact  with 
the  air.  The  products  from  tossing  are  the  same  as  those  from  hail- 
ing. 

The  refining  of  6  or  7  tons  of  tin  requires  altogether  from  5  to  7 
hours,  viz.. 

Liquation ....     i  to  1  hour. 

Boiling  according  to  the  purity  required     .     3  „   5  hours. 
Settling  and  pouring 1  hour. 

.Refining  hy  boiling  alone,  immediately  after  the  metal  is  tapped 
from  the  furnace,  is  only  practicable  when  the  tin  is  exceptionally 
pure  ;  it  is  done  in  the  same  manner  as  the  boiling  of  liquated  tin. 

c.  Purification  of  Tin  hy  Filtration 

Repeated  proposals  to  purify  tin  by  filtration  have  been  made, 
but  so  far  have  not  been  adopted. 

The  first  proposal  of  this  kind  by  Lampadius  was  to  filter  the 
tin  through  (juartz  sand,  or  finely  divided  slag,  which  was  to  be 
previously  heated ;    the  result,  however,  was  most  unfavourable. 

Carter  proposed  a  filter  of  thin  tinned  sheet  iron,  the  sheets 
being  about  G  inches  long  and  4  inches  broad.  Five  hundred  of 
these  sheets  were  to  be  wedged  into  a  s(|uan'  frame,  which  was  to 
be  fastened  in  an  opening  of  corresponding  size  in  the  bottom  of  a 
Passau  graphite  crucible.  When  melted  tin  was  poured  on  to  this 
filter,  the  tin  coating  of  the  tin  plate  became  fluid,  and  allowed  a 
very  pure  tin  to  pass  the  filter,  while  a  pulpy  mass  of  arsenic,  copper, 
iron  and  tin  remained  behind.  This  proposal  has  found  no  practical 
application ;  neither  has  that  of  Leichsenring,  by  which  the  tin  was 
t<j  be  allowed  to  run  through  sieves  of  coarse  and  fine  iron  wire. 
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The  products  of  the  refining  of  tin  are : — Refined  tin,  liquation 
dross  and  boil  scum. 

The  composition  of  different  qualities  of  pure  tin  is  shown  in 
the  following  analyses : — 

From  Saxonv.i 


From  Schlaggenwald.2 


Sn 
Cu 
Fe 

As 


Rolled  Tin. 

Bar  Tin. 

Rolled  Tin. 

Fine  Tin 

I. 

n. 

111. 

IV. 

Per  cent. 

Per  cent. 

99-76 

99-93 

99-66 

99-594 

— 



0-16 

0-406 

0-04 

0-06 

0-06 

trace 

trace 

trace 

trace 

trace 

Banca  tin  is  very  pure,  and  on  that  account  is  not  refined. 


Sn  . 
Fe  . 
Pb  . 
Cu  . 


Sn 
Fe 
I'b 
Cu 


Sn 
Fe 
Pb 


Banca  Tin. 

I.                             II. 

99-961                99-99 

0-019                00-2 

0-014                 — 

0-006                 — 

English  Tin. 

I.                     II. 

III. 

99-76            98-64 

99-73 

trace             trace 

0-13 

—                 0-02 

— 

0-24              1-16 

trace 

Tin  from  Pirlac  in  France. 

(Loire  inferieure.) 

I.  II.  III. 

99-5  97-0  95-0 

trace  2-8  1.2 

0-2  —  3-0 


The  impurities  in  Banca  tin  from  six  different  districts  can  be 
seen  from  the  accompanying  analyses  ^ : — 


I. 

II.           1           III.                     IV. 

V.            j           VI. 

District. 

Jebaes. 

Blinjvi.         Suugei  Liat. 

Panknl- 
pinang. 

Merawang. 

Sungei  Slan. 

Fe   .    .    . 
Pb  .    .    . 

S     .    .    . 
c    .   .   . 

0-0087 

0-0099 
trace 

0-0175          0-0060 
ti-ace                 — 
0-0030           0-0040 
trace              trace 

0-0060 

0-0027 
trace 

0-0070           0-0196 

0-0090           0-00-29 
trace              trace 

The  Methods  of  Working  up  Refinery  Dross 

The  refuse  from  refining  consists  of:  liquation  dross,  skimmings 
and  scum  from  boiling. 

1  Ijovfe,  Jahrh.  der  K.  K.  Berg -Academic,  vol.  13,  pp.  63,  64. 
-  Lowe,  loc.  cit.  ^  Berg.-  und  Hiitten.-Zeitung,  1875,  p.  454, 
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The  dross  from  the  jJ^uschen  process  is  added  to  the  later  slag- 
charges. 

The  residue  from  liquating  tin  in  a  reverberatory  furnace  is 
remelted  in  a  similar  furnace  and  run  into  a  small  pot,  where 
a  diflficultly  fusible  alloy  containing  tin  separates  out  at  the 
bottom.  This  alloy  is  subjected  to  liquation  at  a  higher  temperature 
in  a  reverberatory  furnace ;  in  this  way  a  portion  of  the  tin  is- 
extracted,  while  hardhead  remains  in  the  furnace.  This  hardhead, 
if  it  contain  much  arsenic,  is  not  worked  up  any  further ;  if  free 
from  arsenic  it  is  added  to  charges  of  slag.  The  composition  of  the 
hardhead  containing  arsenic  is  : — 

Fe 62"50  per  cent. 

Sn 17-25       „ 

As 19-02 

S 1-26       „ 

100-03 

The  scum  from  boiling,  which  consists  of  oxides  of  the  foreign 
metals  originally  present  in  the  ore,  with  a  large  proportion  of  tin 
oxide  and  metallic  tin,  is  smelted  with  carbon  in  a  reverberatory 
furnace.  This  yields  tin  and  a  black  slag  which  contains  prill, 
mechanically  enclosed.  The  upper  layers  of  tin  collected  in  the 
tapping  pot  are  sent  into  the  market ;  while  that  in  the  lower 
portion  of  the  pot  is  again  liquated  and  boiled.  The  slag  contains, 
besides  prill,  only  about  h  per  cent,  of  combined  tin,  and,  after  being 
stamped  and  the  tin  picked  out,  is  thrown  away. 

I.  C. — The  Extraction  of  Tin  from  Skimmings  and  other 

bye-Products 

Among  these  bye-products  may  be  mentioned  the  drosses  from 
melting  tin,  the  so-called  tin  ashes,  and  the  skimmings  from  the 
refining  of  crude  lead  which  contains  tin.  Of  other  forms  of  refuse, 
tin  plate  cuttings  may  be  quoted  as  a  type. 

Dross  produced  in  the  fusion  of  tin  is  added  to  charges  of  ore 
when  smelted,  or  in  the  refining;  should  they  be,  however,  in  con- 
siderable quantity,  they  are  sometimes  smelted  by  themselves,  in 
either  shaft  furnaces  or  reverberatory  furnaces,  the  slag  obtained 
being  stamped  and  washed  to  extract  the  prill. 

Before  being  treated  in  reverberatory  furnaces,  the  drosses  are 
formed  into  lumps,  which  are  first  liquated.  The  residue  from 
this  operation  is  sieved  to  separate  the  pulverulent  jjortion,  and  then 
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melted  in  a  siiiall  reverberator}'  furnace  on  a  sand-bed.  The  tin 
obtained  in  this  way  is  known  as  aschen-zinn  (ash-  or  dross-tin).  The 
slags  are  stamped  and  washed,  the  richer  portions  being  smelted 
after  the  removal  of  prill  by  sieving. 

Lead  ores  containing  tin  are  worked  at  Freiberg.  The  tin  collects 
with  the  silver  in  the  lead,  and  is  separated  during  cupellation,  in 
the  earlier  less  fusible  scoriae.  These  are  worked  up  by  a  process 
devised  by  Plattner.^ 

The  composition  of  the  scoria.*  which  contain  tin  is  as  follows : — 

PbO 7035  per  cent. 

SnO. 12-53 

SboO's 12-50 

As^o', 4-73 

CuO' 0-61 

Ag  .......     .     0-25 

100-i)7 

These  are  first  converted  into  work-lead,  and  litharge  free  from 
silver,  by  heating  them  in  a  reverberatory  refining-  furnace  with  5  per 
cent,  of  carbon  as  a  reducing  agent.  The  hearth  of  this  furnace  is 
8  feet  3  inches  long,  8  feet  broad,  and  1  foot  8  inches  deep,  and  is 
trough-shaped,  and  in  it  4  tons  of  scoriae  are  treated  in  one  day. 
The  consumption  of  fuel  for  100  parts  by  weight  of  scoriae  is  12 J 
parts  of  coal  and  7|  parts  of  lignite ;  100  parts  by  weight  of  scoria 
yield  46  parts  of  work-lead,  containing  0-4  per  cent,  of  silver  and 
53  parts  of  desilverised  scoriae.  The  average  composition  of  the 
latter  is : — 


Pb     .     .     .     . 

.     .     .       58  per  cent 

Sn      .     .     .     . 

.     .     .    11-5 

Sb     .     .     .     . 

.     .     .    14-5 

As     ...     . 

...      7-0        „ 

Cu     .     .     .     . 

...      0-2        „ 

92-0 

These  desilverised  scorias  are  "  fined  "  (frischen)  in  shaft  furnaces 
with  one  and  a  half  times  their  own  weight  of  slag,  consuming 
25  per  cent,  of  coke,  and  yielding  tin-lead,  containing : — 

Sn 11-8  per  cent. 

Sb 10-3 

As 3-5 


^  Jahrb.  fiir  das  Bery.-  xmd  Miittenivesen  in  Sachsen,  1883. 
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This  product,  known  as  zinnfrischUei,  is  converted  by  an  oxidising 
roasting  in  a  refining  furnace,  into  scoria  which  contains  tin,  and 
antimony-lead  containing  15  per  cent,  antimony.  The  bed  of  this 
furnace  is  5  feet  9  inches  wide,  11  feet  6  inches  long,  and  14  inches 
deep,  and  the  charges  are  each  2  tons  in  weight. 

The  scoria  separated  in  this  process,  kno^vn  as  erste  zinnpuder 
("  first  tin  powder "),  does  not  melt,  and  has  a  yellow  colour,  on 
account  of  the  lead  contained  in  it.  Its  composition  is  the 
following : — 


Pb 68-83  per  cent. 

Sn 10-85 

Sb  ......     .  11-89 

As 3-0 

Cu 0-56 


9513 


3 1  tons  of  this  zinnfrischblei  are  worked  up  in  24  hours,  consuming 
20  parts  of  coal  and  15  parts  of  lignite  per  100  of  zinnfrischblei. 

The  erste  zinnpuder  is  smelted  in  a  shaft  furnace  with  twice  its 
weight  of  slag  from  the  same  process,  or  with  slag  from  the  first 
"fining"  process.  The  coke  used  is  60  j)er  cent,  of  the  weight  of 
zinnp)uder,  and  the  product  is  called  second  zinnfrischblei;  each 
furnace  smelts  7^  tons  per  day. 

This  second  zinnfrischblei  is  further  converted  into  antimony -lead 
and  second  zinnpuder  by  an  oxidising  roasting  in  a  reverberatory 
furnace.     These  substances  contain : — 


Antimony-lead. 

Per  cent. 

Second  Zinnpuder. 

Per  cent. 

Sb  .     .     .     .     180 

Pb     . 

.     .     .     44-74  to  49-86 

As  ...     .       10 

Sn     . 

.     .     27-59   „  24-28 

Sn  .     .     .     .     •  0-5 

Sb     . 

.     .     13-22   „  11-97 

Cu     . 

.     .       0-95   „     0-48 

As     .     . 

.     .       2.72   „     0-95 

The  second  zinnpuder  is  smelted  in  a  sumpf-ofen  in  charges  of 
25  lbs.  with  5  lbs.  of  coke,  and  yields  tin-lead.  This  furnace 
is  one  with  a  deep  receptacle  at  the  bottom,  in  which  the  metal 
collects,  beloAv  the  tuyeres;  it  is  8  feet  high  and  is  provided 
with  2  tuyeres;  it  is  2  feet  wide  on  the  tuyere  wall,  and  1  foot 
4  inches  wide  on  the  front  Avail,  and  1  foot  7  inches  deep.  The 
nozzles  are  0-8  inch  diameter,  and  the  blast  is  worked  under  a 
pressure  of  0-6  inch  of  mercury;    If  tons   of  zinnpuder   are   put 
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through  in  the  day.     The  tin-lead  is  re-melted  in  a  cast-iron  pot, 
and,  after  the  removal  of  the  dross,  contains : — 

Sn 83  per  cent. 

Sb 14        „ 

As 1 

The  slag  obtained  in  the  smelting  of  zinnjnider  contains  con- 
siderable quantities  of  tin,  both  in  a  state  of  mechanical  inclusion 
(up  to  15  per  cent.)  and  also  in  chemical  combination.  The 
following  analysis  gives  its  composition : — 

SiO^ 28-05  per  cent. 

Snd., 20-40 

PbO" 5-81 

CuO 0-15 

FeO 26-61 

MnO 0-87 

ZnO 0-70 

AI2O3 12-00 

CaO 3-15 

MgO 0-79 

S 0-08 

98-71 

This  is  smelted  in  a  shaft  furnace  by  itself  with  20  per  cent,  of 
coke,  yielding  the  so-called  slag -tin-lead  and  a  slag  which  can  be 
thrown  away. 

The  former  (the  slag-tin-lead)  contains 

Sn 82'6  per  cent. 

Sb 14-6 

As .0-7 

The  composition  of  the  latter  is  shown  in  the  two  following 
partial  analyses : — 

I.  II. 

SiO^       29-82  30-8 

SnO., 5-3  8-8 

PbO^ 1-54  1-7 

CuO 0-18  — 

The  slag-tin-lead  is  melted  in  cast-iron  pots,  as  the  tin-lead  is, 
and,  like  the  latter,  is  an  article  of  commerce. 
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Tin  C'uttinffs 

Cuttings  from  tinned  plate,  which  contain  from  3  to  9  per  cent, 
of  tin,  are  worked  up  most  usually  by  wet  methods,  to  extract  the  tin 
they  contain.  Dry  methods  have  been  proposed  by  (1)  Gutensohn, 
(2)  Laroque,  and  (3)  Edmunds. 

(1)  Gutensohn's  method  consists  in  heating  the  cuttings  with 
sand  in  revolving  cylinders ;  the  tin  is  melted  off  the  iron,  and  takes 
the  form  of  small  grains ;  it  is  afterwards  separated  from  the  sand 
by  sieving. 

(2)  Laroque  proposes  to  heat  the  cuttings  with  powdered 
charcoal  and  0'5  per  cent,  of  salt  in  a  pot.  This  pot  is  fitted  in 
the  middle  with  a  perforated  diaphragm.  The  upper  portion  of 
the  pot  is  heated  to  redness,  while  the  portion  below  the  diaphragm 
is  cooled  in  water.  The  tin  melts  in  the  upper  part  of  the  pot,  and 
falls  through  the  diaphragm  into  the  cooler  region,  where  it  collects. 

(3)  Edmunds  uses  centrifugal  machines,  in  the  centre  of  which  a 
fireplace  is  situated.  •  The  melted  globules  of  tin  are  driven  through 
the  sieves  of  the  apparatus  and  collect  in  the  outer  space  of  the 
machine. 


IL  The  Extractiox  of  Tix  ix  the  Wet  Way 

Wet  methods  are  used  to  extract  tin,  and  to  prepare  tin  salts 
from  tinned-sheet  cuttings  and  from  the  waste  water  from  dye  works 
which  contains  tin.  It  has  also  been  attempted  to  apply  them  to 
the  refining  of  tin. 

Extraction  from  Tinncd-platc  Cuttings. — A  large  number  of  methods 
have  been  proposed  for  this  purpose  ;  of  these  we  shall  only  mention 
the  most  important. 

Muir  dissolves  the  tin  from  the  cuttings  in  hydrochloric  acid  and 
precipitates  it  from  the  solution  by  means  of  zinc ;  steam  is  led 
into  the  solution  during  the  precipitation.  Milk  of  lime  precipitates 
first  the  zinc  and  then  the  iron  from  the  residual  liquor. 

Schultze^  treats  the  cuttings  with  acidified  foi'ric  chloride  solu- 
tion, and  filters  the  resulting  solution,  which  contains  stannous  and 
ferrous  chlorides,  through  a  mixture  of  stannous  and  ferrous  oxides 
till  it  is  saturated ;  after  this  the  tin  is  precipitated  by  means  of 
metallic  iron.  This  is  only  possible  if  the  solution  be  completely 
neutralised  and  contain  stannous  salts. 

Moulin  and  Dole's  method  consists  in  allowing  gaseous  hydro- 

1  Berrj.-  imd  Hiitten.-Zeifiinu,  1894,  p.  -208. 
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chloric  acid  to  act  on  the  cuttings  until  the  iron  is  attacked.  The 
resulting  salts  arc  dissolved  out  in  water  and  the  tin  thrown  down  by 
zinc;  the  precipitate  is  washed  with  dilute  sulphuric  acid,  dried, 
fused,  and  cast  in  moulds. 

The  so-called  argentin,  used  in  cloth-printing  and  in  the  manu- 
facture of  silver  paper,  is  prepared  by  precipitating  tin  from  an 
acidified  solution  of  a  tin  salt  by  means  of  sheet  zinc.  The  tin-sponge 
which  is  obtained  is  washed  and  dried,  and  then  ground  to  fine 
powder  under  water  and  passed  through  a  sieve  of  hair  or  silk.^ 

Reineck'en-Ponsgen  and  Kopp  treat  the  cuttings  in  revolving 
barrels  with  soda  lye,  litharge  and  steam  ;  sodium  stannate  is 
formed  with  the  separation  of  lead  according  to  the  following 
equation : — 

Sn  -t-  2NaH0  +  2PbO  =  Na.SnOg  -f  2Pb  4-  H,0. 

The  sodium  stannate  is  either  evaporated  to  dryness  and  sold  as 
pre^mring  salt,  or  the  solution  of  it  is  precipitated  by  a  stream  of 
carbonic  acid  and  the  resulting  oxide  smelted  with  charcoal  and 
chalk  in  a  reverberatory  furnace.-  The  spongy  lead  which  separates 
out  during  the  process  is  heated  in  a  current  of  air,  and  converted 
into  litharge,  which  is  used  over  again. 

It  has  also  been  proposed  to  treat  the  cuttings  in  revolving 
cylinders  with  quicksilver,  and  to  separate  the  latter  from  the  tin 
amalgam  by  distillation. 

Hunter  of  Philadelphia  proposed  to  treat  the  cuttings  with  a 
warm  solution  of  copper  sulphate.'^  The  tin  is  dissolved  as  sulphate 
and  metallic  copper  is  deposited.  When  the  tin  is  all  dissolved  and 
the  iron  is  exposed,  the  latter  precipitates  the  tin  from  solution,  and 
is  dissolved  with  the  formation  of  ferrous  sulphate.  The  deposit  of 
copper  and  tin  thus  obtained  is  melted  up  together  forming  an  alloy, 
or  it  is  treated  by  well-known  methods  to  separate  the  metals. 

Waste  Waters  of  Bye  Works. — Tin  in  these  is  precipitated  by 
means  of  granulated  zinc  or  zinc  powder,  and  the  resulting  spongy 
tin  dried  and  fused  with  borax  at  a  white  heat ;  by  this  treatment  the 
zinc  is  volatilised. 

Many  proposals  have  also  been  made  for  the  preparation  of  salts 
of  tin  from  tinned-plate  cuttings. 

Tin  chloride  is  prepared  at  Uetikon,  on  the  Lake  of  Zurich,*  by 

■*  Mullerus,  Ghemiher-Zeitung,  1891,  No.  04. 
'^  Der  Masrhiuenbaner,  1879,  p.  80. 

^  German  patent,  class  40,  No.  78,344,  January  3,  1894. 

■•  'Lunge,  Bericht  iiher  die  Chem.  ludmt.  aiif  der  Schiveitzer  Landes-Ausstelhmg  in 
Zurich,  1883.     Zurich,  1884,  p.  29. 
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treating  the  cuttings  with  dry  chlorine  gas.  The  process  is  con- 
ducted in  a  fixed  iron  cylinder  13  feet  high  and  3  feet  3  inches 
diameter,  fitted  with  a  perforated  false  bottom,  on  which  the  cuttings 
are  placed,  the  chlorine  being  introduced  below  it.  The  tin  is 
converted  into  stannic  chloride  which  collects  as  a  fuming  liquid 
in  a  receiver  under  the  cylinder.  By  cautious  addition  of  water 
solid  tin  chloride  is  precipitated,  which  is  sold  in  that  form,  and  is 
used  in  dyeing. 

Donath's  process  is  one  in  which  the  cuttings  are  boiled  with 
concentrated  soda  lye  and  pyrolusite  ;  the  solution  of  sodium  stannate 
which  is  obtained  is  treated  with  acetic  acid  to  precipitate  stannic 
acid. 

Scheurer-Kestner  prepares  sodium  stannate  by  moistening  the 
cuttings  in  a  current  of  air  with  soda  lye  of  18°  to  20°  B. 

Carez's  method  is  to  act  on  the  cuttings  with  a  solution  of 
alkaline  polysulphides  containing  salammoniac.  The  solution  is  from 
30°  to  50°  or  60°  B.  in  strength.  Any  lead  which  may  be  present 
is  separated  as  lead  sulphide  and  the  tin  is  dissolved,  being  after- 
wards precipitated  by  hydrochloric  acid  as  sulphide  of  tin. 

Lambotte  proposes  to  expose  the  cuttings  at  a  temperature  of 
100°  C.  to  a  stream  of  chlorine  and  air,  and  condense  the  escaping 
vapour  of  stannic  chloride,  or  to  lead  it  into  a  dilute  solution  of  tin 
chloride. 

Kunzel  ^  treats  the  cuttings  with  hydrochloric  acid  or  nitric  acid, 
precipitates  the  tin  from  the  solution  by  zinc,  dissolves  the  resulting 
spongy  tin  in  hydrochloric  acid,  and  allows  the  stannous  chloride  to 
crystallise.  The  residual  liquors  are  worked  up  for  the  production 
of  green  vitriol  or  iron. 

The  Purifieation  of  Tin  in  the  Wet  Way 

This  is  very  costly  and  is  only  used  in  exceptional  cases,  as  for 
instance  when  it  is  desired  to  prepare  tin  compounds  from  pure  tin. 
It  consists  in  dissolving  granulated  tin  in  hydrochloric  acid  ;  as  long 
as  the  tin  is  in  excess,  the  impurities  remain  for  the  most  part  in 
the  undissolved  portions.  The  tin  is  precipitated  from  the  solution 
by  zinc  and  the  spongy  deposit  washed  with  dilute  acid  and  with 
water. 

III.  The  Extraction  of  Tin  by  Electrolytic  Methods 

The  proposals  which  have  hitherto  been  made,  for  the  application 
of  electro-metallurgical  methods  to  ores  and  slags,  do  not  seem  to 
'  Bertj.-und  Hiilten  Zeiltimj,  1874,  p.  57. 
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have  much  chance  of  success  ;  but  those  for  the  treatment  of  tinned 
plate  cuttings,  and  for  refining  tin,  by  these  methods,  appear  to  be 
more  likely  to  succeed. 

Treatment  of  Ores — For  this,  Burghardt,^  and  Vortmann  and 
Spitzer,-  have  proposed  methods.  Burghardt  proposes  to  fuse  the 
finely  divided  ore  .with  excess  of  caustic  soda,  to  extract  the  sodic 
stannate  from  the  fused  mass  with  water,  and  to  separate  the  tin 
from  the  solution  by  an  electric  current.  Sheet  iron  is  used  for  the 
anodes,  and  plates  of  tin,  iron,  or  some  other  metal  for  the  cathodes. 
The  temperature  of  the  solution  for  electrolysis  should  be  60*^  C.  If 
arsenic,  antimony  or  sulphur  be  present  in  the  ores,  they  should  be 
removed  by  roasting  before  the  ore  is  fused  with  caustic  soda. 
According  to  Borchers^  the  current  is  soon  interrupted  by  the 
deposition  of  oxides  of  tin  on  the  anode  plates ;  he  states  that  it  is 
impossible  to  extract  tin  with  profit  in  this  way. 

Vortmann  and  Spitzer's  method  consists  in  converting  the  tin  of  the 
ores  or  drosses,  previously  freed  from  sulphides,  into  sodium  sulpho- 
stannate,  by  fusing  them  with  three  times  their  weight  of  a  mixture 
of  2  parts  of  soda-ash  to  1  of  sulphur.  The  solution  of  sulphostannate, 
after  the  addition  of  ammonium  compounds,  is  electrolysed  between 
anodes  of  lead  and  cathodes  of  tinned  sheet-copper.  Borchers  ^  points 
out  that  there  is  no  material  which  can  stand  the  production  of 
sulphostannate  by  a  process  of  smelting ;  even  in  a  reverberatory 
furnace  its  production  is  said  to  be  possible  only  with  great  loss  of  tin 
and  high  cost  for  repairs.  This  method  has  not  found  any  practical 
application. 

Shears  ^  has  proposed  the  following  method  for  the  recovery  of 
tin  from  slags.  The  slags  are  first  fused  with  alkalis  and  the 
alkaline  stannate  lixiviated  out  with  water.  The  tin  is  precipitated 
from  the  solution  by  the  electric  current  in  the  way  described  above. 
Silica  and  alumina  are  precipitated  from  the  residual  liquor  by  milk 
of .  lime  and  are  used  for  the  manufacture  of  cement ;  the  alkali  is- 
recovered  by  usual  methods  for  use  again. 

If  wolfram  is  present,  it  is  found  in  the  last  liquors,  and  can 
by  evaporation  be  separated  as  tungsten  salts.  This  method  has 
also  found  no  application. 

A  long  series  of  methods  has  been  suggested  for  the  recovery 
of  tin  from  tinned  plate  cuttings  by  means  of  the  electric  current,  as, 
for  instance,  the  methods  of  Keith,  Gutensohn,  Walbridge,  Beatson, 

1  German  patent,  No.  49,682,  1  July,  1889.         -  Pnd.,  No.  73,826,  14  Sept.,  1893. 
'  ElectromefaUurgy,  p.  154.  *  Lor.  cit.,  p.  301. 

5  English  patent,  No.  9,821,  14  June,  1889. 
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Price-Femvick,  Morin,  Minet,  Smith,  and  Vortmann  and  Spitzer. 
These  for  the  most  part,  however,  do  not  appear  to  have  come  into 
vise.     Both  basic  and  acid  electrolytes  have  been  suggested. 

Borchers  ^  has  j^roposed  to  use  for  this  purpose  as  an  electrolyte, 
a  12  to  15  per  cent,  solution  of  common  salt,  containing  3  to  5  per 
cent,  of  sodium  stannate.  In  consequence  of  the  high  conducting 
power  of  salt  solution,  this  electrolyte  serves  much  better  than  pure 
sodium  stannate  for  the  pui-pose.  With  a  current  of  50  to  150 
amperes  per  square  metre  and  a  potential  of  2  to  3  volts,  he 
obtained  from  cuttings *( free  from  solder)  a  spongy  metallic  precipi- 
tate, the  temperature  of  the  bath  being  from  40°  to  50°  C. ;  the 
precipitate,  after  washing  and  drying,  could  be  melted  and  cast. 
The  bath  must  be  kept  distinctly  alkaline ;  as  the  quantity  of  tin 
oxide  in  the  bath  increases,  alkali  must  be  added.  Towards  the  end 
of  the  j^rocess  the  solution  becomes  so  concentrated  that  it  is  more 
profitable  to  work  it  up  for  preparing  salt,  by  evaporating  it  to 
dryness,  than  to  continue  the  electrolysis.  The  advantages  of  this 
process  are  stated  by  Borchers  ^  to  be,  the  possibility  of  completely 
removing  the  tin  from  the  cuttings,  the  production  of  a  residue  of 
clean  sheet  iron,  the  possibility  of  producing  a  tin  quite  free  from 
iron,  the  practicability  of  using  an  iron  vessel  which  itself  forms  the 
cathode,  and  the  use  of  an  iron  basket  as  anode. 

Keith  uses  as  electrolyte  a  solution  of  caustic  soda  and  sea-salt. 
The  mixture  is  placed  in  an  iron  pan,  and  the  cuttings,  which  are 
connected  with  the  positive  pole,  are  hung  in  the  electrolyte  in  a 
basket.     The  wall  of  the  vessel  serves  for  a  cathode. 

Beatson  ^  uses  a  hot  solution  of  soda,  to  which  potassium  cyanide 
has  been  added.  Iron  plates  are  used  as  the  anode,  or  the  wall  of 
the  vessel,  if  it  is  made  of  iron,  serves  the  purpose.  It  must  be 
pointed  out  that  a  solution  of  potassium  cyanide  is  rapidl}^  decom- 
posed when  kept  at  the  boiling  point. 

According  to  a  new  patent  "*  the  inventor  uses  a  solution  of 
alkaline  hydrate  as  electrolyte,  and  the  deposit  of  tin  obtained  is 
electrolytically  purified  in  a  solution  of  tin  chloride;  in  order  to 
obtain  the  tin  in  a  compact  form  it  is  deposited  on  revolving  rolls. 

Price  '•'  uses  soda  lye  as  electrolyte  ;  there  are  others  who  do  the 
same. 

Walbridge  makes  use  of  a  solution  of  caustic  soda  and  sodic 
nitrate  for  the  puqjose. 

1  Lor.  cit.,  p.  154.  -  Loc.  fit.,  p.  396. 

'  English  patent,  No.  ll,(t()7,  18  Sept.,  1885. 

*  Ihid,  No.  12,200,  1892.  »  IhUI,  No.  2,119,  1884. 


TIN  427 

Gutcnsohn,!  Fcnwick,-  and   Naef,  use   chloride  of  tin  as  the  elec- 
trolyte. 

Chang}-  makes  use  of  a  solution  of  stannous  chloride  to  which 
ammonium  chloride  or  hydrochloric  acid  has  been  added. 

Raymond's  proposal  is  to  adopt  a  solution  of  stannous  chloride 
at  5°  to  6°  B.  acidified  with  hydrochloric  acid,  and  to  lead  the  current 
into  the  bath  through  iron  rods.^ 

The  following  method,  invented  by  Smith,  is  said  by  F.  Fischer'' 
to  have  been  tried  in  Berlin  and  in  England.  Dilute  sulphuric  acid 
is  the  electrolyte,  and  tinned  copper  plates  are  used  as  the  cathode. 
The  tin  cuttings  themselves  form  the  anode :  they  contain  from  3  to 
9  per  cent,  of  tin  and  are  susj^ended  in  a  wooden  cage  in  the  liquid. 
The  vats  are  lined  on  the  inside  with  caoutchouc.  The  cuttings  are 
bound  together  with  long  strips  of  tinned  iron,  and  by  the  copper 
wire  which  carries  the  current.  The  dynamo  gives  a  240  ampere 
current  with  an  electromotive  force  of  15  volts,  and  absorbs  7  horse- 
power. The  baths  are  8  in  number  and  are  5  feet  by  2  feet  4  inches 
hj  3  feet  3  inches  in  size.  Each  set  of  four  is  formed  by  placing 
divisions  in  a  wooden  vat  10  feet  by  5  feet.  The  cathodes,  4  feet  by 
3  feet  by  0"06  inch,  are  suspended  vertically  in  front  of  the  anodes 
at  distances  of  4  inches  apart. 

The  electrolyte  is  made  by  diluting  1  part  by  measure  of 
sulphuric  acid  at  GO''  B.  with  9  parts  of  water. 

The  tin  ^parates  in  the  form  of  a  sponge  as  long  as  the  solution 
is  acid,  but  as  the  bath  becomes  more  and  more  neutral  the  deposit 
becomes  pulverulent  and  even  crystalline  ;  it  is  purer  than  ordinary 
commercial  tin  and  dissolves  more  rapidly  than  the  granulated  metal 
in  acids ;  it  is  therefore  used  for  the  i^rejaaration  of  tin  salts.  As 
soon  as  the  tin  is  removed  from  the  surface  of  the  iron,  the  latter  is 
attacked  and  collects  in  such  quantities  in  the  electrolyte  that  the 
latter  must  be  renewed  every  seven  weeks ;  it  is  worked  up  for  the 
manufacture  of  green  vitriol. 

According  to  theory,  240  amperes  in  8  baths  should  yield  per 
hour  9"37  lbs.  of  tin  ;  actual  working,  however,  produces  only  the 
half  of  this  amount.  The  principal  reason  for  this  proportionally 
small  performance  is  that  the  current  dissolves  iron  as  well  as  tin 
as  soon  as  the  former  is  exposed. 

Vortmann    and   Spitzer  proposed   that   their   above-mentioned 
method  for  the  extraction  of  tin  from  ores  should  also  be  applied  to 

1  German  patent,  No.  12,883.  -  English  patent,  No.  8,988,  of  1886. 

3  Ekcfrotech.  Zeitschr.,  1892,  p.  573. 

■*  Wagner-Fischer's  Jahresherkhte,  1885,  p.  173. 


428  METALLURGY 

the  recovery  of  tin  from  cuttings.  The  conversion  of  tin  intO' 
sodium  sulphostannate  was  to  be  effected  by  heating  the  cuttings  with 
half  their  weight  of  a  mixture  of  sulphur  and  soda-ash. 

Sulphide  of  Tin,  which  is  a  bye-product  in  the  preparation  of  some 
organic  colouring  matters,  can  be  converted  into  sodic  sulphostannate 
by  boiling  it  with  a  solution  of  sodic  polysulphides. 

The  author  is  not  in  a  position  to  say  if  any  of  the  above- 
mentioned  methods  have  been  actually  put  into  operation  on  a 
working  scale. 

The  Refining  of  Tin  hy  JElectro-metallnrgical  Methods. — According" 
to  the  experiments  of  A.  Brand  ^  the  refining  of  tin  by  the  electric 
current  would  seem  to  have  some  prospect  of  success.  These 
experiments  showed  that  the  tension  in  a  bath  with  tin  anodes  and 
a  solution  of  stannous  chloride  containing  5040  grains  per  gallon  and 
2  b  per  cent,  by  volume  of  concentrated  hydrochloric  acid,  amounted 
to  0*058  volt  (14'8  amperes) ;  with  7*5  per  cent,  of  hydrochloric  acid 
it  was  only  0  031  volt. 

A  current  of  1  ampere  deposits  2'195  grammes  of  tin  per  hour: 
455'6  amperes  are  therefore  necessary  for  the  deposition  of  1  kila 
per  hour.  The  energy  required  for  the  extraction  of  1  kilo  of  tin 
per  hour  may  be  calculated  as : — 


or 


0058  X  455-6  =  26-424  Watts ; 
26-424         26-424 


75  X  9-81         735 

The  loss  of  energy,  in  the  conversion  of  mechanical  into  electrical 
energy,  may  be  taken  as  12  per  cent.  Further,  the  loss  due  to 
conversion  of  electric  energy  into  heat,  short-circuiting,  &c.,  may  be 
taken  as  25  per  cent.,  so  that  the  actual  consumption  of  energy 
may  be   reckoned  at 

0058  X  455-6      _  ^  ^ 

735  X  0^88  X  075  "  ^'^'^-^  ^-^- 

Assuming  that  one  horse-power  per  hour  requires  2  kilos  of  coal, 
the  coal  required  for  the  extraction  of  1  kilo  of  tin  Avould  be  0-11 
kilo.  As  the  principal  impurity  of  tin,  viz.,  iron,  collects  in  the 
electrolyte  and  is  not  separated  from  it,  fresh  quantities  of  electrical 
energy  will  be  continually  introduced  into  the  circuit. 

It  must  be  borne  in  mind  that  the  loss  due  to  the  conversion  of 

'  Danimer,  Chtm.  Terh.,  vol.  ii.,  ])p.  27,28,  324. 
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mechanical  into  electrical  energy,  in  the  newest  machines  with  high- 
jjressure  expansion  and  condensation,  is  only  9  per  cent.,  and  that  in 
the  newest  dynamos  only  6  per  cent,  of  the  original  energy  goes  to 
waste,  a  loss  of  power  of  only  15  per  cent,  is  therefore  a  possibility. 
The  loss  of  current  in  the  performance  may  be  assumed  to  be  10  per 
cent,  and  the  coal  consumption  in  the  newest  steam  engines  to  be 
1  to  1'5  kilos  per  hour  per  horse-power.  In  view  of  these  circum- 
stances, therefore,  the  consumption  of  coal  and  power  will  be  less 
than  that  indicated  above. 
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Physical  Properties 

Antimony  is  characterised  by  its  great  brilliancy  and  by  its  colour, 
silver  white  with  a  slight  tinge  of  blue  ;  the  latter  is  increased  by 
the  presence  of  impurities  in  the  metal.  When  deposited  from  a 
solution  by  zinc  it  takes  the  form  of  a  black  powder.  When  melted 
antimony  is  allowed  to  cool  slowly,  it  exhibits  a  coarsely  foliated 
structure  ;  rapid  cooling  makes  it  granular  and  crystalline.  Antimony 
crystallises,  like  the  isomorphous  metals  bismuth,  arsenic  and  tel- 
lurium, in  the  forms  of  the  hexagonal  system.  Its  specific  gravity 
has  been  determined  to  lie  between  6'6  and  6 '8.  Schroder  has  given 
it  as  6'697  compared  with  water  at  4°C. 

Antimony  is  brittle  and  can  be  easily  powdered  in  a  mortar.  It 
is  harder  than  copper.  Its  coefficient  of  linear  expansion  by  heat 
between  0°and  100°C.  is,  according  to  Calvert  and  Johnson,  0"000985. 
It  melts  between  440°  and  450°C.  (Pictet).  In  passing  from  the 
liquid  to  the  solid  state  it  does  not  expand  like  bismuth  does. 
Carnelly  and  Carleton-Williams  state  that  its  boiling  point  is  between 
1090°  and  1450°C.  According  to  Demarcay  it  boils  in  a  vacuum  at 
the  temperature  of  292°C.  It  burns  in  the  air  forming  oxides,  but 
can  be  distilled  in  a  stream  of  hydrogen. 

When  pure  molten  antimony  is  allowed  to  solidify  slowly  and 
without  disturbance  under  a  layer  of  slag,  a  fern-like  appearance,  of 
raised  lines  radiating  from  the  centre,  appear  on  the  solidified  surface 
of  the  metal.  This  is  the  so-called  "  antimony  star  "  or  "  regulus 
antimonii  stellatus."  On  small  castings  there  will  be  only  one  such 
star  in  the  middle  of  the  surface,  but  larger  castings  will  show  many 
intersecting  ones. 

This  appearance  is  not  produced  in  impure  antimony  nor  in  the 
pure  metal  unless  it  is  kept  very  still  and  covered  during  cooling  by 
a  layer  of  slag.     As  it  is  generally  regarded  as  an  indication  of  the 
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purity  of  the  metal,  pure  antimony,  which  does  not  possess  it,  is 
always  re-melted  and  cooled  under  the  required  conditions. 

Its  specific  heat,  as  determined  by  Regnault  between  0°  and 
100°C.,  is  0-0508.  Its  conductivity  for  heat,  compared  with  that  of 
silver  as  1000,  was  determined  by  Calvert  and  Johnson  :  along  its 
axis  of  crystallisation  it  is  215  and  at  right  angles  to  this  direction  it 
is  192.  Its  electrical  conductivity,  compared  with  that  of  silver  as 
100,  is  4-29  at  18-7°C.,  according  to  Matthiessen. 

Commercial  antimony  is  generally  contaminated  by  small  quanti- 
ties of  sulphur,  arsenic,  lead,  copper  and  iron.  These  cause  the  above- 
mentioned  blue  tinge  in  its  colour. 

Properties  of  Antimony  and  of  its  Compounds  which  are 
OF  Importance  for  its  Extraction 

Antimony  is  not  affected  by  exposure  to  air  at  ordinary  tempera- 
tures, but  at  temperatures  above  its  melting  point  it  oxidises  rapidly. 
Metal  which  has  been  reduced  from  the  oxides  by  charcoal  in  presence 
of  alkalies  frequently  tarnishes  in  the  air.  The  cause  of  this  is  said 
to  be  a  small  quantity  of  alkali  which  is  retained  by  the  metal  and 
absorbs  moisture  with  liberation  of  hydrogen. 

When  antimony,  which  has  been  raised  to  a  red  heat,  is  allowed  to 
fall  from  a  sufficient  height  on  to  a  plate,  it  is  dissipated  in  a  mass 
of  brilliant  sparks,  forming  a  dense  white  cloud  of  oxide. 

Antimony  is  attacked  by  hydrochloric  acid  only  when  it  is  in  the 
state  of  very  fine  powder :  hydrogen  is  then  liberated.  Sulphuric 
acid  does  not  attack  it,  when  dilute  :  the  hot  concentrated  acid 
however  forms  with  it  antimonious  sulphate,  sulphur  dioxide  being 
at  the  same  time  liberated.  Nitric  acid  attacks  antimony,  producing, 
according  to  its  temperature  and  degree  of  concentration,  a  mixture 
of  the  trioxide  and  tetroxide  of  the  metal  in  different  proportions. 
These  oxides  are  insoluble  in  the  acid. 

Aqua  regia  in  the  cold  dissolves  antimony  easily,  forming  the 
penta-chloride. 

In  a  current  of  steam  at  a  red-heat,  antimony  is  slowly  con- 
verted into  oxide. 

When  ignited  with  nitre  and  soda  it  explodes,  forming  an 
alkaline  antimoniate  :  with  a  smaller  proportion  of  nitre  it  also  forms 
some  trioxide. 

The  metalloids,  with  the  exception  of  boron,  carbon  and  silicon, 
all  form  compounds  with  antimony. 
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Antimony  Hydride,  SbHg 

Antimon}'  forms  only  one  compound  with  hydrogen,  antimon- 
uretted  hydrogen.  This  is  a  colourless  imflammable  gas,  which  burns 
with  a  greenish  flame  producing  a  white  smoke  of  steam  and 
antimony  trioxide.  It  is  formed  when  hydrogen  is  generated  in  the 
presence  of  a  soluble  antimony  compound,  or  when  alloys  of  antimony 
with  the  alkali  metals  are  decomposed  by  water,  or  when  an  antimony- 
zinc  alloy  is  treated  with  sulphuric  or  hydrochloric  acid.  When  this 
gas  is  led  through  a  heated  glass  tube,  antimony  is  deposited  in  the 
cold  part  of  the  tube  in  the  form  of  a  mirror.  If  a  mixture  of  this 
gas  with  hydrogen  be  passed  through  a  solution  of  silver  nitrate,  a 
black  precipitate  of  silver  antimonide,  SbAgg,  and  silver  is  deposited. 

OXIDES  OF   ANTIMONY 

Antimony  forms  three  oxides  :  (1)  Antimony  trioxide,  Sb^Og,  (2) 
Antimony  tetroxide,  Sb204,  and,  (3)  Antimony  pentoxide,  SbgO-. 
The  pentoxide  forms  two  acid  hydrates — Antimonic  acid,  HSbOg-l- 
2H2O  and  metantimonic  acid,  H^SbgO^. 

Antimony  Trioxide,  or  Antimonious  Oxide,  SbgOg, 

is  formed  by  heating  antimony  or  sulphide  of  antimony  in  the  air ; 
it  is  a  white  powder  which  becomes  yellow  when  heated,  regaining 
its  whiteness  on  cooling.  It  melts  at  a  dark  red  heat  forming  a 
yellow  liquid  which  solidifies  to  a  grey  mass  resembling  asbestos. 
It  is  volatile,  and  can  be  sublimed.  If  heated  in  the  air  it  is 
converted  into  the  tetroxide  which  is  not  volatile.  If  the  vaporised 
trioxide  and  air  be  passed  over  ignited,  finely  divided  oxides  of  those 
metals  which  form  compounds  with  antimonic  acid,  the  latter  is 
formed  and  combines  with  the  oxides  producing  antimoniates. 

It  is  insoluble  in  water,  sulphuric  acid  or  nitric  acid,  but  is 
easily  dissolved  by  hydrochloric  and  tartaric  acid  and  by  caustic 
alkalies.  With  antimony  sulphide  it  melts  without  decomposition, 
forming  the  so-called  antimony-glass.  The  trioxide  is  poisonous, 
especially  in  the  form  of  vapour. 

Antimony  Tetroxide  01'  Antimonic  Antimoniate,  SbgO^, 

is  a  white  powder  which  is  neither  fusible  nor  volatile.  It  can  be 
prepared  by  heating  the  trioxide  in  the  air  or  by  igniting  the 
pentoxide.  Hydrochloric  acid  dissolves  it  readily.  It  is  a  metal- 
lurgical product,  being  known  under  the  name  of  "  antimony  ash  "  or 
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"  cinis  antimonii,"  but  in  this  form  always  contains  some  trioxide. 
If  the  antimony  ash  be  ignited  with  charcoal  and  alkaline  carbonates, 
metallic  antimony  is  obtained ;  if  the  alkali  be  omitted,  the  greater 
portion  of  the  antimony  will  be  volatilised  as  trioxide,  a  small  part 
only  being  obtained  in  the  metallic  state. 

If  the  tetroxide  be  fused  with  metallic  antimony  in  the  proper 
proportion,  the  trioxide  is  formed  : — 

3Sb204+2Sb  =  4Sb.203- 

When  the  tetroxide  is  fused  with  antimony  sulphide  in  suitable 
proportions,  sulphur  dioxide  is  liberated,  and  the  trioxide  is  formed, 
which,  however,  always  retains  more  or  less  of  the  sulphide  : — 

Sb2S3  +  9Sb20,  =  10Sb2O3+3SO2. 

This  impure  trioxide  of  antimony,  the  colour  of  which  varies  with 
the  quantity  of  sulphide  it  contains,  is  known  as  "  antimony-glass," 
and  is  used  as  a  colouring  matter  in  glass  making,  more  especially 
in  the  preparation  of  artificial  gems. 

Antimony  Pentoxide  or  Antimonio  Anhydride,  SbgOg 

This  is  a  bright  yellow  powder  and  can  be  prepared  by  treating 
antimony  with  nitric  acid.  The  powder  obtained  must  be  repeatedly 
evaporated  to  dryness  with  nitric  acid  to  completely  oxidise  the  tri- 
and  tetroxides  which  are  at  first  formed,  and  the  residue  gently 
ignited. 

The  pentoxide  is  insoluble  in  water  and  in  nitric  acid,  but 
dissolves  slowly  in  concentrated  hydrochloric  acid  ;  it  is  converted 
on  ignition  into  the  tetroxide. 

Antimonic  anhydride  forms  two  hydrates,  each  of  which  forms 
a  series  of  salts,  viz. : — 

Antimonic  acid,  HSb03  +  2H.,0,  and 
Metantimonic  acid,  H^Sb.^O-. 

Antimonic  acid  is  used  to  replace  arsenic  acid  in  the  manufacture 
of  aniline  yellow  and  aniline  red. 

CHLORIDES   OF   ANTIMONY 

Antimony  forms  two  compounds  with  chlorine,  viz. : — 

Antimonious  chloride  or  antimony  trichloride,  SbClg,  and 
Antimonic  chloride  or  antimony  pentachloride,  SbClg. 

VOL.  II.  F  F 


434  METALLURGY 

The  trichloride  is  formed  when  antimony  trisulphide  is  boiled 
with  concentrated  hydrochloric  acid  ;  also  when  the  metal  or  the  tri- 
sulphide is  heated  with  corrosive  sublimate.  It  is  soluble  in  hydro- 
chloric acid,  is  volatile,  and  can  easily  be  distilled.  When  the 
solution  of  it  in  hydrochloric  acid  is  diluted  with  water,  white  basic 
chloride  of  antimony  is  precipitated  :  this  is  known  as  "  powder  of 
Algaroth,"  and  was  formerly  used  in  medicine. 

The  pentachloride  is  formed  with  evolution  of  light  when 
chlorine  acts  on  antimony.  According  to  Gore,  antimony  in  the 
form  of  a  grey  amorphous  mass  is  deposited  when  a  strongly  acid 
solution  of  the  pentachloride  is  electrolysed.  This  contains,  in  addi- 
tion to  small  quantities  of  free  hydrochloric  acid,  from  3  to  20  per 
cent,  of  antimony  pentachloride,  and  explodes  if  heated  to  200°C. 

SULPHIDES  OF   ANTIMONY 

There  are  two  compounds  of  sulphur  and  antimony,  viz. : — 

Antimony  trisulphide,  Sb2S3,  and 
Antimony  pentasulphide,  SbgS^. 

The  trisulphide  is  known  in  both  the  crystalline  and  the 
amorphous  condition.  The  crystalline  form  is  found  in  nature  as  anti- 
mony glance  or  stibnite ;  it  possesses  a  greyish  black  colour,  metallic 
lustre  and  crystalline  structure.  It  can  be  melted  out  of  contact 
with  the  air  at  a  red  heat,  and  volatilises  without  decomposition  at  a 
strong  white  heat. 

The  amorphous  trisulphide  can  be  prepared  artificially,  and 
possesses,  according  to  the  method  of  its  preparation,  a  red  or  orange 
colour. 

The  red  trisulphide,  which  formerly  was  used  in  medicine  under 
the  name  of  "  Kermes  mineral,"  can  be  prepared  by  boiling  antimony 
glance  with  carbonate  of  potash  or  soda.  The  antimony  sulphide  is 
deposited  from  the  solution  on  cooling  as  a  reddish-brown  powder.  It 
always  contains  variable  quantities  of  antimony  trioxide  and  alkali. 

The  orange-coloured  trisulphide  can  be  obtained  by  precipitating 
a  solution  of  an  antimonious  salt  with  sulphuretted  hydrogen  :  this 
precipitate  always  contains  water.  The  so-called  antimony  cinnahar 
is  a  red  amorphous  trisulphide  containing  the  trioxide  ;  it  is  prepared 
by  treating  a  solution  of  antimony  in  hydrochloric  acid  with  thio- 
sulphate  of  calcium  or  thiosulphate  of  sodium.  It  is  used  as  a  pig- 
ment in  oil  painting,  on  account  of  its  fiery  red  colour. 

When  antimony  sulphide  is  calcined  in  a  current  of  air,  antimony 
trioxide  and   sulphur  dioxide  are   formed,  the   former  being  partly 
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volatilised,  and  partly  converted  into  the  tetroxide  ;  the  sidphate  is 
not  formed.  The  trisulphide  is  easily  fused,  and  therefore  the  roasting 
of  it  is  difficult. 

A  mixture  of  air  and  steam  when  passed  over  the  trisulphide 
forms  the  trioxide  with  liberation  of  sulphuretted  hydrogen  ;  in  this 
case  also  the  sulphate  does  not  appear  to  be  produced.  Antimony  is 
reduced  from  the  trisulphide  at  a  red  heat  by  the  action  of  hjxlrogen, 
hydrocarbons,  iron  and  zinc.  According  to  Karsten,  charcoal  has  the 
same  effect,  but  only  at  a  temperature  above  the  boiling  point  of  the 
metal. 

The  trisulphide  is  soluble  in  hot  concentrated  hydrochloric  acid, 
forming  antimony  trichloride.  If  it  be  treated  with  a  solution  of  a 
caustic  alkali  or  an  alkaline  carbonate,  or  of  an  alkaline  sulphide,  or 
if  it  be  fused  with  these  bodies  in  the  solid  state,  substances  called 
sulphantimonitcs  are  produced,  e.g. 

28^83 + 4K0H  =  3KSbS.3  +  KSbO,  -t-  2H.,0. 

These  sulphantimonites  are  soluble  in  water  when  they  contain  a 
large  proportion  of  basic  sulphides,  but  a  large  proportion  of  antimony 
renders  them  insoluble.  The  trisulphide  and  the  trioxide  do  not 
mutually  decompose  each  other  as  is  the  case  with  galena  and 
litharge,  but  fuse  together  undecomposed  to  form  the  so-called 
antiniony- glass. 

When  the  trisulphide  is  fused  with  the  penta-  or  tetroxide,  sul- 
phur dioxide  and  the  trioxide  are  formed  :  the  latter  takes  up  some  of 
the  undecomposed  trisulphide  and  forms  with  it  antimony-glass. 

The  pentasulphide  of  antimony,  Sb^Sg,  is  an  orange-coloured 
powder,  known  in  medicine  as  golden  sidphide  of  antimony.  It  can 
be  obtained  by  the  action  of  sulphuric  acid  on  the  so-called  sulphan- 
timoniates.  These  latter  substances  are  prepared  by  boiling  antimony 
glance  with  a  solution  of  an  alkaline  polysulphide,  or  by  fusing  the 
two  substances  together  in  the  solid  state.  Schlippe's  salt,  NagSbS^  -f 
OHgO,  is  one  of  these  sulphantimoniates 

The  pentasulphide,  when  treated  in  the  absence  of  air,  yields  the 
trisulphide,  sulphur  being  separated. 

Hydrochloric  acid  converts  it  into  the  trichloride  with  separation 
of  sulphur.  In  other  respects  the  pentasulphide  behaves  like  the 
trisulphide.  It  is  used  principally,  at  the  present  time,  as  a  red 
pigment  and  for  vulcanising  india-rubber. 

OXY-SALTS   OF   ANTIMONY 

The  most  important  of  these  is  tartar  emetic  or  potassium  stibnyl 
tartrate,  C4H^K(SbO)0(;,  used  in  medicine. 

F  F  2 
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ALLOYS   OF   ANTIMONY 


Antimony  alloys  with  most  metals,  making  them  brittle.  It  is 
added  to  lead  to  harden  it.  When  alloyed  with  tin  it  renders  it 
silvery  in  appearance,  increases  its  hardness,  and  raises  its  melting 
point. 

The  most  important  alloys  of  antimony  are  type-metal,  which 
consists  of  lead,  tin  and  antimony,  or  of  only  lead  and  antimony  ; 
lutrd-lead,  produced  by  working  lead  ores  which  contain  antimony,  and 
which  consists  of  lead  and  antimony  in  very  varying  proportions ; 
hritannia-metcd  and  white-,  hearing-,  or  antifriction-metal,  which  consist 
principally  of  antimony  and  tin,  with  addition  of  lead,  copper,  zinc, 
bismuth  and  nickel.  Britannia-metal,  which  is  used  for  the  manu- 
facture of  teapots,  spoons,  plates,  &c.,  contains,  according  to  Ledebur, 
tin  85  to  93  per  cent.,  antimony  up  to  10  per  cent.,  and  copper  up  to 
3  per  cent.     English  plate  jjeivter  and  qiieen  s-metal  are  similar  alloys. 

AxTiMoxY  Ores 
Antimony  Glance,  SboSg 

Antimony  glance  is  the  most  important  ore  of  antimony :  it  is 
also  known  by  the  following  names — grey  antimony  ore — antimonite 
— stibnite.  It  contains  71 '7  7  per  cent,  of  antimony  and  28*23  per 
cent,  of  sulphur.  It  occurs  in  long  rod-like  or  needle-like  rhombic 
crystals,  or  in  the  massive  state,  or  disseminated  in  fibrous  or  com- 
pact particles.  It  frequently  contains  gold  and  silver,  and  usually 
arsenic  also ;  its  more  commonly  associated  minerals  are  quartz, 
calc-spar,  heavy-spar  and  sjmthic  iron  ore ;  zinc  blende  and  galena 
frequently  occur  intimately  mixed  with  it. 

It  occurs  in  Germany  (Arnsberg,  Erzgebirge,  Fichtelgebirge,  the 
Harz),  in  Bohemia  (Milleschau,  Hate,  Brodkowic,  Przibram,  Schonberg, 
Michaelsberg),  in  Hungary  (Kremnitz,  Toplitzka,  Schemnitz,  Felso- 
banya,  Nagybanya,  Dobschau,  Rosenau,  Gisno,  Gross-Gollnitz, 
Magurka),  in  Servia,  in  Bosnia  (Serajewo),  in  France  (Auvergne, 
Gard,  Ardeche,  Aude,  Vendee,  Lyonnais,  Haute  Loire,  Bouc, 
and  Septemes  near  Marseilles),  in  Italy  (Tuscany),  in  England 
(Cornwall),  in  Spain  (Estremadura  and  Badajoz),  in  Portugal 
(Oporto  and  Braganza),  in  Algiers  (Province  of  Constantine),  in 
Canada,  in  the  United  States  (Arkansas,  Nevada,  Utah,  California  and 
Montana),  in  Nicaragua  and  in  Mexico ;  in  Asia  it  occurs  in  Borneo, 
India,  Japan  and  Asia  Minor;  in  Australia  it  is  found  in  New 
South    Wales,   Victoria    and    New   Zealand.     The  greatest    portion 
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\        of    the    ores    which    are    treated    in    England    come    from    Borneo, 
AustraHa  an<l  Japan. 

Native  Antimony 

Native  antimony  occurs  but  rarely,  and  is  not  a  source  of  any 
importance. 

Oxide  of  Antiiii07iy,  Sb203, 

otherwise  known  as  vjJiite  antimony  or  antimony  hloom,  is  dim<jrphous  ; 
the  rhombic  form  is  named  valentinite  and  the  cubic  form 
senarmonitc ;  it  contains  83 "4  per  cent,  of  antimony ;  it  is  formed 
by  the  weathering  of  antimony -glance  or  of  native  antimony,  and 
occurs  in  the  upper  portions  of  antimony  ore  deposits.  The  localities 
where  this  ore  occurs  most  freely  are:  Sensa  and  Haminate  in  the 
Province  of  Constantine  in  Algiers,  Borneo,  and  Sonora  in  Mexico. 

The  other  antimony  minerals  occur  in  comparatively  small 
quantity  and  do  not  constitute  the  basis  for  special  processes. 
Among  these  are : — red  antimony  ore,  also  known  as  antimony 
hlende  or  pyrostilhite  (2Sb.2S3  +  Sb.,03),  containing  75  per  cent,  of 
antimony  and  found  in  Tuscany,  Canada  (Southam),  Braunsdorf 
(Saxony)  and  Przibram ;  antimony  ochre  or  cervantite  (Sb.jO^), 
occurring  in  Tuscany.  Antimony  is  also  a  constituent  of  many  lead-, 
copper-  and  silver-ores,  especially  the  latter.  Among  these  may  be 
mentioned  bournonite,  zinkenite,  Jamesonite,  'plagionitc,  feather-ore, 
wolfshergite,  polyhasitc,  proustite,  antimonial  nickel,  antimonial  silver, 
miargyrite,  herthierife,  houlangerite  and  the  fahl-ores.  Galena  also  very 
frequently  contains  antimony. 

In  addition  to  the  minerals  mentioned  above,  the  following  are 
sometimes  sources  of  antimony : — (1)  Speiss  containing  antimony 
obtained  in  working  copper-  and  silver-ores  which  contain  antimony, 
(2)  Residues,  &c.,  which  contain  antimony  obtained  in  liquating 
antimony  glance,  (3)  Dross  obtained  in  antimony  smelting.  In 
the  working  of  galena  which  contains  antimony,  the  latter  metal 
for  the  most  part  alloys  with  the  lead  produced  forming  the  so-called 
hard-lead. 

The  Extraction  of  Antimony 

The  principal  source  of  antimony  is  antimony-glance;  the 
other  ores  occur  in  too  small  quantity  to  form  the  subject  of 
independent  processes  and  are  therefore  worked  with  antimony- 
glance. 

The    extraction    is  conducted  principally   by  dry  methods :  pro- 
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posals  have  been  made  for  the  use  of  wet  processes  and  also  of 
electro-metallurgical  methods,  but  these  have,  as  yet,  not  found 
practical  application. 

Antimony  obtained  by  dry  methods  is  always  contaminated  b}' 
foreign  metals,  and  accordingly  has  to  be  refined  :  this  is  usually  done 
in  the  dry  way. 

Sulphide  of  antimony  is  used  to  a  large  extent,  especially  as  a 
paint  for  ships'  bottoms  :  it  is  therefore  the  object  of  preparation  in 
a  special  industry,  which  consists  in  simply  liquating  it  from  the 
other  minerals  and  rocks  which  accompany  it  in  its  ores.  The 
product  of  this  process  is  called  crude  antimony ;  metallic  anti- 
mony is  known  as  antimony  regulus.  The  liquation  of  antimony- 
glance  is  also  sometimes  the  first  step  in  the  extraction  of  the  metal, 
but  at  present  is  seldom  resorted  to,  although  the  residues  from  it 
arc  worked  up  to  extract  the  metal  they  retain.  We  have  therefore 
to  describe : — 

I.  The  extraction  of  antimony  in  the  dry  way. 
II.  The  proposals  for  extracting  antimony  by  wet  methods. 

III.  The  proposals  for  extracting  antimony  by  electro-metal- 
lurgical processes. 

I.  The  Extractiox  of  Antimony  in  the  Dry  Way 

The  treatment  of  ores  containing  antimony  glance  may  have  for 
its  object,  as  already  explained,  either  the  preparation  of  crude 
antimony,  or  the  extraction  of  antimony  regulus.  In  the  latter  case 
the  product  will  need  to  be  refined.  We  must  therefore  distinguish 
between  : — 

A.  The  treatment  of  antimony-glance  for  the  jjreparation  of  crude 
antimony. 

B.  The  treatment  of  antimony-glance  and  other  ores  of  antimony 
for  the  extraction  of  the  metal. 

C.  The  refining  of  antimony. 

A.  The  Treatment  of  Antimony-glance  for  the  Production 
OF  Crude  Antimony 

Ores  containing  more  than  90  per  cent,  of  antimony  sulphide  are 
used  as  crude  antimony  after  being  ground,  without  further  treat- 
ment. Ores  containing  less  than  90  per  cent.,  and  as  low  as  40  or  50 
per  cent.,  are  subjected  to  liquation,  if  the  pieces  are  of  the  right  size, 
i.e.,  larger  than  hazelnuts,  best  about  walnut  size.  Small-grained 
ore  and  ores  with  a  low  percentage  of  antimony  sulphide,  are,  as 
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pointed  out  above,  worked  up  for  the  production  of  the  metal. 
(Small-grained  oi-e  could  be  worked  for  crude  antimony  by  fusion 
in  furnaces.) 

The  liquation  of  antimony  sulphide  from  its  accompanying 
minerals  and  rock  is  possible  on  account  of  its  comparatively  low 
melting  point,  below  a  red  heat.  The  maintenance  of  the  proper 
temperature  is  of  the  greatest  importance,  for  at  temperatures  above 
a  red  heat  the  sulphide  is  volatilised  and  at  too  low  temperatures 
the  residues  contain  large  quantities  of  antimony.  The  size  of  the 
pieces  of  ore  too  has  considerable  effect  on  the  result ;  the  smaller 
they  are  the  less  complete  is  the  liquation,  and  the  richer  are  the 
residues,  and  further,  line  ores  lie  so  close  together  that  the  fused 
sulphide  is  unable  to  escape.  The  best  size  is  proved  to  be  that  of 
walnuts.  Fine  ores  with  low  percentage  of  metal  give  a  better  result 
if  treated  for  the  production  of  regulus. 

In  commerce  great  importance  is  attached  to  the  radiated 
structure  of  the  product :  this  is  obtained  by  slow  cooling  of  the 
liquated  sulphide ;  if  it  is  rapidly  cooled  this  structure  is  absent. 

The  liquation  can  be  done  in  closed  or  in  open  (reverberatory) 
furnaces.  In  closed  furnaces  the  ore  is  contained  in  pots  or  tubes, 
while  in  the  reverberatory  furnace  it  lies  exposed  on  the  bed.  The 
closed  furnaces  use  more  fuel,  and  cost  more  for  labour,  than  the  open 
ones,  but  they  extract  a  larger  proportion  of  the  sulphide  than  the 
latter,  which  lose  considerable  quantities  by  volatilisation  and 
oxidation. 

■X 

1.    LIQUATION    IN    CLOSED    FURNACES 

The  melting  is  done  in  pots  or  in  tubes.  If  pots  are  used,  they 
are  either  directly  surrounded  by  the  burning  fuel,  or  are  heated  by 
the  flame  from  a  fireplace.  The  latter  method  is  always  adopted 
where  tubes  are  used.  Pots  are  worked  intermittently,  but  pipes 
permit  the  adoption  of  continuous  work  with  corresponding  economy 
in  fuel. 

a.  Liquation  in  Pots 

Pots  directly  in  contact  ^vith  the  fuel  are  used  at  Wolfsberg  in  the 
Harz,  at  Magurka,  Rosenau,  and  Gross-Gollnitz  in  Hungary,  at 
Milleschau  in  Bohemia  and  at  Malbosc  in  France.  This  method 
requires  a  high  consumption  of  fuel,  but  has  the  advantage  that  it 
can  be  conducted  at  the  mine  on  account  of  the  simplicity  of  the 
furnace.  It  is  therefore  used  where  the  ores  are  rich  and  fuel  (wood 
or  coal)  is  cheap  at  the  mine. 
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The  pots  are  made  of  fireclay  and  hdld  from  11  to  56  lbs.  In  the 
bottom  of  each  there  are  4  or  5  holes  04  to  Od  inch  in  diameter 
through  which  the  melted  sulphide  escapes.  These  rest  on  receivers 
of  burnt  clay  which  collect  the  liquid  crude  antimony.  The  receivers, 
in  order  to  ensure  the  slow  cooling  of  the  contents,  are  bedded  in  sand, 
ashes,  or  breeze.  The  pots  are  placed  in  a  row,  there  being  some- 
times several  of  these  at  regular  distances  apart ;  20  or  30  pots  form 
one  row.  The  space  in  which  they  are  placed  is  enclosed  by  a  low 
wall  of  dry  masonry.  The  space  between  the  crucibles  and  between 
them  and  the  wall  is  filled  with  fuel,  coal  or  wood  being  used.  The 
liquation  takes  from  2  to  1 2  hours  according  to  the  size  of  the  charge. 


Fig.  29S. 


At  its  conclusion  the  pots  are  lifted  oif  the  receivers,  emptied  and  again 
charged  and  placed  in  position.  The  receivers  are  in  some  places 
emptied  after  each  charge  and  in  others  left  till  they  are  full.  The 
residues  contain  as  a  rule  not  less  than  12  per  cent,  of  sulphide. 

Fig.  298  shows  the  arrangement  of  an  earlier  liquation  plant  at 
Wolfsberg  in  the  Harz.^ 

Here  a  is  the  pot  with  holes  in  the  bottom  for  the  escape  of  the 
liquid  sulphide,  b  is  the  receiver  surrounded  with  a  bed  of  non-con- 
ducting material  to  prevent  the  rapid  cooling  of  its  contents,  m  is 
the  wall,  which  in  this  instance  encloses  only  one  row  of  pots;  it 
is  built  of  dry  masonry  and  is  provided  with  draftholes.  The  height 
of  the  pot  is  about  12  inches,  the  diameter  8  inches,  and  it  holds 
22  lbs. 

\^  Kerl,  Mttaf/hiUtenkiinde,  p.  520. 
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At  Malbosc  (Ardeche)  in  France,  the  charge  per  pot  is  33  lbs.- 
After  4  charges  (40  hours)  the  receiver,  being  full,  is  emptied.  In 
the  40  hours  20  pots  produce  1,050  lbs.  of  the  sulphide  with  a 
consumption  of  fuel  of  3,330  lbs.  of  coal  and  448  lbs.  of  brushwood. 

Pots  heated  by  a  flame  permit  of  greater  economy  of  fuel  and 
also  ftxcilitate  the  working  of  poorer  ores,  but  the  labour  is  more 
severe  on  the  workmen  than  in  the  method  previously  described. 
These  pots  are  placed  in  a  furnace  on  each  side  of  the  fire,  or  are 
arranged  in  a  circle  round  it :  the  receivers  for  the  melted  sulphide 
are  either  placed  below  the  bed  of  the  furnace  surrounded  by  sand 
and  out  of  contact  with  the  flame,  or  they  are  placed  entirely  outside 
the  furnace,  being  connected  with  the  liquation  pots  by  a  clay  pipe 
This  latter  arrangement  is  much  more  satisfactory  than  the  former, 
because  it  does  not  necessitate 
the  interruption  of  the  pro- 
cess for  the  clearing  out  of 
the  receivers  as  is  the  case 
with  the  former.  Furnaces 
with  the  receivers  under  the 
bed  are  employed  at  La  Lin- 
coule  in  France  (Haute  Loire), 
those  with  exterior  receivers 
are  used  in  Hungary.  Fig. 
299  shows  the  construction  of 
one  of  the  latter  sort  of  fur- 
naces : — 

F  is  the  heating  chamber, 
r  the  grate,  &,  h  are  the  pots 

fitted  with  covers,  d,  d  the  receivers,  c,  c  the  pipes  connecting  the 
pots  with  the  receivers,  a,  a  are  openings  in  the  roof  through  w^hich 
the  charges  are  introduced  into  the  pots.  The  fuel  consumption  is 
higher  and  the  production  less  in  the  pot  furnaces,  and  they  are 
inferior  to  the  tube  furnaces  which  are  next  to  be  described. 


Fig.  299. 


h.  Liquation  in  Tithe  Furnaces 

These  furnaces  can  be  arranged  with  vertical  or  horizontal  tubes, 
but  the  latter  arrangement  does  not  appear  to  have  been  adopted. 
The  vertical  arrangement  is  used  at  Malbosc  in  France  and  at 
Banya  in  Hungary,  and  with  it  more  favourable  results  have  been 
obtained  in  regard  to  fuel  consumption,  quantity  treated,  and  cost 
of  labour,  than  with  the  pot  furnaces. 


442 


METALLURGY 


The  construction  of  the  furnace  used  at  Malbosc  is  shown  in 
Figs.  300  and  301.i 

Section  on  O    O 


Fig.  300. 
Section  on  4  B 


Fig.  301 


"^Phe    tubes- are   arranged  in  groups   of  four,    each  group  being 
phiced  in  a  chamber  with  3  grates :  they  extend  to  the  outside  of  the 
^  Plattner-Richter,  HiUtentunde,  p.  6. 
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roof  where  they  are  closed,  while  working,  with  a  cover,  and  are  3  feet 
3  inches  high,  10  inches  diameter  at  the  upper  end  and  7f  inches 
diameter  at  the  bottom,  their  walls  being  O'O  to  08  inch  thick. 
They  rest  on  a  fire-clay  slab  pierced  with  holes  for  the  escape  of  the 
liquid  sulphide  ;  a  in  the  figure  is  a  hole  in  the  side  of  the  tube  at 
its  lower  end  through  which  the  residue  is  cleared  out :  these  holes 
are  27  inches  in  width  and  47  inches  high,  and  during  the  working 
of  a  charge  are  closed  with  a  clay  plug  or  with  a  luted  plate,  c  is 
the  receiver  1  foot  4  inches  high  and  10  inches  wide.  These,  carried 
on  small  waggons,  are  introduced  through  the  openings  with  tight 
fitting  doors  i,  i,  into  the  chambers  shown  in  the  figure :  when  full 
they  can  be  replaced  b}'  empty  receivers  without  interrupting  the 
operation.  The  doors  ^,  i  are  provided  with  peepholes  through  which 
the  progress  of  the  liquation  can  be  observed.  The  flames  play  round 
the  tubes  and  escape  through  three  openings  h,  into  the  chimney  ;  the 
flues  are  provided  with  dampers  by  which  the  intensity  of  the  fire 
can  be  regulated.  Part  of  the  fire  passes  through  the  holes  b,  h,  4 
inches  square,  in  the  walls  of  the  receiver  chambers  and  maintain 
them  and  the  collected  sulphide  at  the  proper  temperature.  The 
openings  /.•,  k  serve  for  the  removal  of  the  residues  from  liquation,  and 
for  repairing  any  damage  to  the  tubes.  During  the  working  these 
are  closed  by  cast-iron  plates.  A  newly  built  furnace  requires  to  be 
heated  to  a  bright  red  heat  for  48  hours  before  a  charge  is  inserted. 
The  regulation  of  the  temperature  is  adjusted  according  to  the  colour 
of  the  product,  which  ought  to  be  bluish  ;  a  red  colour  is  an  indication 
that  the  heat  has  been  too  great. 

The  charge  for  each  tube  is  5  cwts.  of  ore,  and  it  takes  3  hours 
for  complete  liquation ;  the  yield  is  50  per  cent,  of  sulphide.  For  the 
production  of  100  cwts.  of  sulphide,  64  cwts.  of  coal  are  necessary  ; 
the  tubes  last  20  days  each.  The  cost  of  producing  100  kilos  of 
sulphide  is,  for  labour,  1'53  francs  (  =  7'4f/.  per  cwt.),  and  for  fuel, 
1'28  francs  (  =  6^.  per  cwt.) ;  while  the  cost  in  pot  furnaces  is,  for 
labour,  2-21  francs,  and  for  fuel,  6"34  francs  per  100  kilos  {  =  10^d. 
and  2s.  Sd.  per  cwt.  respectively). 

2.    LIQUATIOK    IN    REVERBERATORY   FURNACES 

This  method  of  liquation  possesses  the  merit  of  being  the  least 
expensive  in  fuel,  labour  and  repairs,  but  it  leads  to  considerable  loss 
of  sulphide  by  volatilisation.  It  can,  therefore,  only  be  adopted  where 
it  is  a  question  of  producing  large  quantities  of  crude  antimony  with 
great  rapidity,  where  fuel  is  dear,  and  where  the  cost  of  mining  the 
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ore  is  Ioav,  and  therefore  loss  of  sulphide  may  be  disregarded.     It 
was  formerly  in  use  at  Ramee  in  France  (la  Vendee). 

The  liquation  furnace  may  be  constructed  like  that  for  the  re- 
moval of  lead  from  copper,  or  like  the  German  refining  furnace.  In 
the  latter  case,  a  tap-hole  must  be  introduced  at  the  deepest  point 
of  the  bed.  The  liquated  sulphide  will  escape  through  the  tap- 
hole  into  the  receiver  placed  in  front  of  it.  ToAvards  the  end  of  the 
process  the  tap-hole  is  closed,  and  the  furnace  strongly  fired.  The 
sulphide  still  in  the  ore  now  collects  below  the  layer  of  slag  which 
forms,  and  is  tapped.  The  slag  is  afterwards  withdra\vTi  through  a 
side  door. 

Products  of  Lifiuation 
These  are  crude  antimony  and  liquation  residues.  Crude  antimony 
is  jfrequently  contaminated  by  the  presence  of  arsenic  sulphide,  lead 
sulphide  and  iron  sulphide.     The  extent  of  this  contamination  may 
be  seen  from  the  following  analyses  of  sulphides  from  Hungary : — 


FeS 

PbS 

As,S 

Cu 

Pb 

Fe 


3 


Rosenau. 
1102 

0-5(38 


Lijitau. 

■4093 


3-403 


Magmka. 


0-59 
3-75 

2-85 


Neusohl. 


I3-2 


235 


0-247 


1-670  7-49(J  7-1!)  3-482 

The  liquation  residues  contain  upwards  of  20  per  cent,  of  sulphide 
of  antimony ;  it  is  contained,  not  only  in  the  interior  of  the  pieces, 
but  also  covers  them  as  well,  in  the  form  of  a  thin  glaze. 
<       The  following  analysis  shows  the  composition  of  these  li(][uation 
residues  ^ : — 

Sb.Sa 20-40 

FeS 2-87 

FeS., 1-23 

SiO." 59-84 


Al.,0, 

CaO 

CO, 

Alkali  and  carbonaceous  matter 


4-65 
5-22 
410 

1-69 

Too 


The  liquation  residues,  when  sufficiently  rich,  are  worked  up  for 
antimony  regulus. 

^  Hering,  in  Uimjler,  vol.  ccxxx.,  p.  '2o'3. 
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B.   The  Treatment  of  Antimonv-Glance  and  other  Axtl- 
MONY  Ores  for  the  Extraction  of  Metallic  Antimony. 

The  treatment  of  antimony-glance  for  the  extraction  of  metallic 
iintimony  can  be  done  either  by  the  roasting  and  reduction  method 
or  by  the  so-called  precipitation  method. 

The  former  consists  of  an  oxidising  roasting  of  the  ore,  followed 
by  a  reduction  of  the  oxide  formed  during  the  roasting,  by  means  of 
coal,  with  the  addition  of  fluxes  and  covering  materials  (soda,  potash, 
glauber  salts).  The  process  may  be  performed  in  shaft  furnaces, 
reverberatory  furnaces,  or  (in  rare  instances)  in  pot  furnaces. 

The  precipitation  method  is  carried  out  by  smelting  antimony- 
glance  (or  crude  antimony)  with  iron  and  fluxes.  The  antimony  is 
separated  in  the  metallic  state  with  formation  of  sulphide  of  iron. 
It  may  be  done  in  pot,  or  in  reverberatory,  furnaces. 

The  roasting  and  reduction  method  is  less  expensive  than  the 
precipitation  method,  and  is  suited  to  the  working  of  poorer  ores  and 
liquation  residues  ;  it  is  therefore  to  be  preferred  to  the  precipitation 
method.  The  latter  is  only  suited  for  the  smelting  of  rich  ores  and 
of  crude  antimony,  and  is  more  expensive  in  practice,  on  account  of 
the  high  coal  consumption  and  labour  cost ;  it  is  only  rarely  adopted. 

The  antimony  ores,  other  than  antimony -glaiice,  are  not  treated  by 
independent  special  methods.  When  sulphuretted,  they  are  worked 
together  with  antimony-glance.  If  they  are  oxidised  ores,  they  are 
subjected  to  a  reduction  pi'ocess,  i.e.,  they  are  mixed  with  antimony- 
_glance  after  it  has  been  roasted. 

1.  The  Roasting  and  Reduction  Process 

This  may  be  resolved  into  (1)  the  roasting  of  antimony-glance 
and  (2)  the  subsequent  reduction  of  the  oxide  of  antimony  formed  in 
roasting. 

a.  The  Boasting  of  Antimony -Glance 

The  roasting  of  antimony-glance  can  be  so  conducted  that  the 
product  shall  principally  consist  of  either  the  stable  tetroxide  or  the 
volatile  trioxide  ;  in  the  latter  case  the  trioxide  would  be  collected 
in  a  suitable  arrangement  for  condensation.  The  former  method  of 
roasting  is  more  usual ;  the  latter,  which  has  been  named  "  volatilising 
roasting"  (verjlilchtigende  rostung),  has  been  suggested  for  the  ex- 
traction of  antimony,  but  appears,  so  far,  to  have  only  been  adopted 
for  the  preparation  of  the  trioxide  for  use  as  a  pigment. 
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The  chemical  changes  which  take  phice  during  the  normal 
oxidising  roasting  of  pulverised  antimony-glance,  having  for  its 
object  the  conversion  of  the  sulphide  into  the  tetroxide,  are  the 
following,  if  the  correct  conditions  of  temperature  and  air  admission 
are  observed : — 

When  the  temperature  is  raised  to  the  proper  point  (not  much 
over  350°C.),  the  atmospheric  oxygen  converts  the  antimony  trisul- 
phide  into  sulphur  dioxide  and  antimony  trioxide.  A  part  of  the 
latter  is  further  oxidised  to  the  pentoxide,  and  this,  combining  Avith 
some  of  the  trioxide,  forms  the  tetroxide.  Antimonic  acid  is  formed 
in  the  presence  of  oxides  of  metals,  and  combines  with  them  to  form 
antimoniates.  Furthermore,  if  the  oxides  of  metals  which  are  in- 
clined to  form  antimoniates  arc  present,  a  portion  of  the  trioxide,  in 
the  presence  of  air,  and  in  contact  with  the  foreign  oxides,  is  changed 
into  antimonic  acid,  and  forms  antimoniates.  No  formation  of 
sulphate  of  antimony  takes  place.  If  the  ore  contains  large 
quantities  of  foreign  sulphides,  which  on  being  calcined  would  form 
sulphates,  antimoniates  of  the  foreign  metals  are  formed  instead  of 
the  sulphates. 

With  pure  antimony-glance,  and  the  correct  temperature  and 
quantity  of  air,  the  product  of  roasting  is  principally  the  tetroxide, 
but  it  always  contains  antimony  glass  and  undecomposed  sulphide. 
If  there  are  foreign  sulphides  and  arsenic  compounds  in  the  ore, 
antimoniates,  arseniates,  and  sulphates  of  the  foreign  metals  are 
found  in  the  roasted  mass. 

Since  antimony  sulphide  and  antimony  trioxide  melt  at  a  dark 
red  heat  and  form  antimony  glass,  and  since,  furthermore,  they  are 
both  volatile,  the  maintenance  of  the  proper  temperature  is  of  the 
greatest  importance.  According  to  Bidou  it  is  not  allowed  to  exceed 
about  850°  C. ;  at  lower  temperatures  the  sulphide  would  not  be 
decomposed.  At  temperatures  only  slightly  beyond  350°,  the  mass 
begins  to  frit  together,  thereby  preventing  the  penetration  of  air  to- 
the  interior.     At  still  higher  temperatures  the  trioxide  volatilises. 

By  regular  rabbling,  the  fritting  of  the  mass  during  roasting  is 
prevented  even  at  the  higher  temperature;  and  the  presence  of 
gangue  in  the  ore  also  tends  to  obviate  the  same  difficulty.  The 
richer  the  ore,  the  more  difficult  is  it  to  roast  it ;  with  rich  ores  it  is 
impossible  to  prevent  to  some  extent  both  the  liquation  of  a  portion 
of  the  sulphide  and  the  formation  of  Hue  dust,  which  latter  consists 
almost  entirely  of  antimony  trioxide  and  tetroxide,  antimony  sul- 
phide, arsenic  compounds  and  carbonaceous  matter.  It  is  therefore 
only  possible  to  raise  the  temperature  for  the  purpose  of  oxidising 
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any  unaltered  sulphide,  after  the  greater  part  of  the  sulphide  has 
been  converted  into  tetroxide.  Properly  roasted  ore  should  appear 
of  a  reddish  colour  while  in  the  furnace,  and  of  an  ashy  grey  colour 
on  cooling ;  further,  while  in  the  furnace  it  should  feel  soft  under 
the  rabble,  and  free  from  any  fritting  together.  If  the  admission  of 
air  during  the  roasting  be  limited,  the  volatile  trioxide  and  not  the 
tetroxide  is  formed. 

The  so-called  volatilising  roasting,  which  is  only  designed  to  form 
and  volatilise  the  trioxide,  requires  for  its  execution  a  restricted  air 
supply  and  a  higher  temperature.  Steam  at  a  high  temperature 
also  effects  the  formation  of  the  trioxide,  with  the  simultaneous 
production  of  sulphuretted  hydrogen.  This  method  of  roasting  was 
proposed  by  Hering  for  the  treatment  of  poor  ores  and  residues  from 
the  liquation  of  crude  antimony,  but  does  not  appear  to  have  been 
practically  applied.  Since  the  arsenic  contained  in  the  ore,  when 
roasted,  forms  compounds  which  are  more  volatile  than  antimony 
trioxide,  it  is  possible  to  separate  the  two  products  by  intercepting 
the  latter.  This  method  of  roasting  also  has  the  advantage  that  the 
gold  and  silver,  which  nearly  always  exist  (with  other  metals)  in 
these  ores,  remain  in  the  residue  and  can  be  extracted. 


The  Exccuiion  of  the   Ordinary  Boasting 

Ordinary  roasting  {i.e.,  for  the  production  of  the  tetroxide)  is 
carried  out  in  reverberatory  furnaces  which  are  provided  with 
arrangements  for  condensation. 

Formerly  (1862),  muffle  furnaces  were  in  use  in  Hungary.  The 
reverberatory  furnaces  now  in  use  are  of  two  kinds  : — 

1.  Ralhle-furnaces  (intermittent  working). 

2.  Long-hcdded  hand-furnaces  ^  (Fortschaufelungsofen). 
Mahble-furnaces  were  formerly  in  use  at  Bouc  and  Septemes  in  the 

department  of  Rhone  in  France,  and  are  still  used  at  Siena  in 
Tuscany. 

The  latter  furnaces  are  used  in,  among  other  places.  New  Bruns- 
wick and  at  Banya  in  Hungary.  They  are  worked  with  less  cost 
for  fuel  and  labour  than  the  rabble-furnaces. 

The  arrangement  of  the  earlier  pattern  of  rabble-furnace  with 
two  fireplaces,  as  used  in  France,  is  shown  in  Figs.  302  and  803.^ 

The  horizontal  bed  h  is  egg-shaped  and  is  8  feet  3  inches  long, 
with  a  greatest  width  of  4  feet  7  inches  ;  r,  r  are  the  two  fireplaces, 
one  on  each  side  of  the  bed,  5  feet  3  inches  long  and  1  foot  2  inches 

1  See  vol.  i.  p.  68.  -  Kerl,  Metulluryy,  p.  524. 
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wide.  The  gases  from  the  fire  pass  through  the  opening  F  in  the 
•roof  into  the  flue  and  through  the  latter  into  the  chimney  E.  A  is 
the  working  door ;  S  is  a  hood  built  above  the  working  door,  which 
■draws  away  the  antimonial  fumes  from  the  furnace-men. 

In  these  furnaces  5  to  6  cwts.  of  ground  and  sifted  ore  are 
roasted  in  6  hours ;  during  the  first  2  hours  the  working  door  is 
closed ;  after  that  it  is  opened,  the  charge  well  stirred,  and  con- 
stantly rabbled  till  the  finish.  The  loss  of  antimony  in  properly 
-executed  roasting  amounts  to  only  2  per  cent. 

At  Siena  ^  4  cwts.  of  fine  ore  are  charged  at  one  time,  and  the 


Fig.  :(ij 


Toasting  requires  3  to  12  hours  according  to  the  richness  of  the  ore; 
ores  rich  in  antimony  require  a  much  slower  roasting  than  those 
which  are  poor.  The  consumption  of  fuel  (lignite)  per  charge  is 
on  the  average  77  lbs.,  and  the  loss  of  antimony  is  5  per  cent. 

The  Fortschmifelungsdfc7i,  used  in  New  Brunswick,^  is  42  feet  (J 
inches  long,  7  feet  6  inches  wide,  and  has  10  working  doors  in  each 
side.  The  height  from  bed  to  roof  is  2  feet  1  inch,  and  the  fire- 
grate is  2  feet  1  inch  wide.     The  firebridge  is  5  feet  2  inches  high 


^  Bidou,  L'Anfimoine  en  Toscane.     Genie  civil,  18S2. 

'  Engineering  and  Mining  Journal,  1873,  vol.  xvi.,  No.  2o. 
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and  1  foot  broad.  There  are  5  charges  of  6  cwts.  each  in  the  furnace 
at  one  time.  During  24  hours,  3  charges  (18  cwts.)  are  drawn,  so 
each  charge  remains  in  the  furnace  40  hours.  During  the  last  2 
hours  before  being  drawn,  the  ore  is  strongly  heated  and  rabbled 
every  5  minutes.  Properly  roasted  ore  has  a  dull,  greyish-yellow 
colour.  The  consumption  of  wood  is  three-quarters  of  a  cord  in  24 
hours,  and  the  loss  of  antimony  is  stated  to  be  7'5  per  cent. 

Similar  furnaces  at  Banya  are  26  feet  3  inches  long,  6  feet  6 
inches  wide  with  5  working  doors  in  one  side.  Charges  of  4  cwt. 
each  are  introduced  at  the  end  of  the  furnace  farthest  from  the  fire 
and  are  drawn  after  20  hours ;  24  cwts.  are  roasted  in  24  hours. 
The  fuel   is   lignite,  which  is  burned  in  a  stepped  grate. 

Furnaces  have  been  proposed  with  a  trough-shaped  bed  sloping 
towards  one  of  the  longer  sides  of  the  furnace,  the  object  being  to 
perform  the  reduction  and  roasting  in  the  same  furnace.  Since  the 
liquation  of  a  certain  portion  of  the  sulphide  cannot  be  avoided 
during  the  roasting,  this  arrangement  allows  it  to  be  tapped  off  and 
sent  to  market  as  crude  antimony. 

Volatilising  Roasting 

This  method,  as  already  pointed  out,  was  proposed  by  Hering  for 
the  treatment  of  poor  ores  and  residues  from  the  manufacture  of 
crude  antimony.  The  ores,  or  residues,  as  the  case  may  be,  are 
roasted  in  a  reverberatory  furnace  at  a  temperature  sufficiently 
high  to  volatilise  the  antimony  trioxide,  which  is  collected  in  con- 
densing chambers ;  it  is  said  to  be  very  pure  and  to  yield  on 
reduction   a  very  pure  metal. 

If  the  oxide  is  to  be  used  as  a  pigment,  a  very  limited  application 
of  it,  it  must  be  of  exceptional  whiteness,  and  to  ensure  this  the 
roasting  is  conducted  in  muffles.  Oehme  obtains  this  purity  of  tint 
by  roasting  the  sulphide  in  a  restricted  air  supply  with  admission  of 
steam ;  this  is  said  to  produce  an  oxide  of  great  purity  in  white 
sublimed  needles,  sulphuretted  hydrogen  being  formed  at  the  same 
time.  The  steam  is  introduced  by  allowing  water  to  drop  into  the 
muffle,  and  the  air  enters  by  a  small  opening  at  the  front. 

The  construction  of  the  plant  is  seen  in  Figs.  304  and  305. 

M  is  the  muffle,  L  is  the  opening  for  the  admission  of  air.  The 
water  enters  the  muffle  at  w,  flowing  along  the  tube  B  fitted  with  a 
cock.  The  gases  and  vapours  pass  out  of  the  muffle  through  the 
pipe  X  along  the  pipe  y  into  the  condensing  chambers  z,  after  which 
they  enter  the  scrubber  s  through  the  horizontal  pipe  shown  in  the 
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figure.  The  scrubber  is  supplied  with  a  flow  of  water  which  con- 
denses the  last  portions  of  trioxide.  The  incondensible  gases  pass 
out  of  the  scrubber  along  the  iron  flue  v ;  m  is  the  firedoor,  n  the 
door  of  the  ash-pit.  After  the  fire  gases  have  passed  round  the 
muffle,  they  also  enter  the  flue  v.  The  chambers  are  emptied  by 
means  of  the  door  T. 

The  supply  of  water  must  be  regulated  so  that  neither  the  vapour 
of  trioxide   nor   the    sublimed   product   are    moist,   otherwise    the- 


Fio.  304. 


Fig.  305. 


sulphuretted  hydrogen  present  would  re-convert  the  oxide  into- 
sulphide.  Excess  of  air  would  lead  to  the  formation  of  the  tetroxide 
and  sulphur  dioxide,  the  former  of  which  Avould  remain  in  the  muftlc'. 
A  dark  red  heat  is  best  for  obtaining  a  satisfactory  result.  Tlu- 
author  is  not  acquainted  with  the  result  of  working  this  process. 


h.  The  Rethiction  Process 

The  object  of  this  is  to  reduce  the  oxide(either  tetroxide  or  trioxide) 
to  metallic  antimony.  If  coal  alone  be  used  for  this  purpose,  a  large 
|)roportion  of  the  antimony  will    be   lost  through   volatilisation  as- 
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trioxide,  and  any  antimony  sulphide  still  remaining  in  the  roasted 
ore  will  not  be  decomposed.  Substances  are  therefore  added  to  the 
charges  which,  on  account  of  their  easy  fusibility,  form  a  protecting 
cover  and  prevent  the  volatilisation  of  the  antimony :  these  also  assist 
in  the  formation  of  fusible  slags,  and  separate  the  metal  from  any 
sulphide  of  antimony  present.  The  substances  which  are  most  advan- 
tageous for  this  purpose  are  such  as  remove  the  impurities  from 
the  antimony  and  also  serve  as  a  refining  medium.  Potash,  soda, 
glauber  salt,  and  other  alkaline  substances  are  used. 

The  reduction  is  carried  out  in  reverberatory  furnaces,  in  shaft 
furnaces,  and  occasionally  in  crucibles  in  pot  furnaces. 

The  rcvcrhcratory  furnace  process  is  simple  and  easily  controlled,  but 
is  accompanied  by  considerable  loss  of  antimony,  and  is  therefore 
only  used  where  ores  are  rich  and  raw  fuel  cheap. 

The  shaft  furnace  method  causes  less  loss  of  antimony  than  the 
former  one,  and  is  less  expensive,  but  presents  technical  difficulties. 
It  is  necessary  to  form  a  protecting  slag  which  shall  be  sufficiently 
thin  and  fusible  to  protect  the  separated  antimony  from  volatilisa- 
tion and  from  oxidation  by  the  air  blast.  It  may  be  employed  for 
ores  which  are  too  poor  in  antimony  to  be  worked  in  reverberatory 
furnaces. 

Antimony  ores  are  only  exceptionally  worked  in  crucibles,  as  the 
cost  of  fuel  and  labour  is  very  high. 

Reduction  in  Reirrhcratory  Furnaces 

The  loss  of  metal  with  these  furnaces  is  high,  amounting  at  the 
least  to  12  per  cent. ;  indeed  Helmhacker  says  it  may  rise  as  high  as 
30  or  40  per  cent.  This  pattern  of  furnace  is  (or  was)  in  use  at 
Bouc,  at  Septemes,  at  Siena,  in  Upper  Hungary,  and  also  in  New 
Brunswick. 

At  Bouc  and  Septemes  the  roasted  ores  are  worked  with  oxidised 
ores  from  Algiers,  and  with  antimonial  flue  dust.^  The  furnace-beds 
are  egg-shaped,  7  feet  10  inches  long,  5  feet  3  inches  wide  in  the 
centre,  and  3  feet  4  inches  wide  at  the  fire-bridge.  The  bed  is  a 
deeply  hollow  one,  built  of  fire-brick,  and  slopes  from  every  part  to 
the  tap-hole  in  one  of  the  longer  sides.  The  tapping-pot  is  placed 
below  the  tap-hole,  level  with  the  floor  of  the  shed.  The  height 
from  the  bed  to  the  roof  in  the  centre  is  3  feet  3  inches.  The 
construction  of  the  furnace  is  shown  in  Figs.  306  and  307. 

H  is  the  bed,  o  the  opening  by  which  the  charge  is  introduced, 

1  Simonin,  Bull,  de  la  Sociefe  dt  ^Industrie,  vol.  ii.,  bk.  4,  p.  577. 
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which  is  1  foot  -t  inches  wide,  x  is  the  opening  through  which  the 
charge  is  worked,  2/  is  the  tapping-pot;  i^is  the  lire-bridge,  the  top  of 
which  is  1  foot  4  inches  above  the  fire-bars,  and  1  foot  below  the  roof , 
r  is  the  fire-place, ^j  the  roof;  z  is  the  flue  8  inches  in  diameter,  con- 
nected with  condensing  chambers  400  feet  long  for  the  deposition 
of  the  antimonial  vapour.  At  the  end  of  the  system  of  condensing 
chambers  is  the  main  chimney.  The  dust  obtained  from  these 
chambers  contains  up  to  50  per  cent,  of  antimony.  The  charge  for 
this  furnace  consists  of  400  to  500  lbs.  of  roasied  ore,  oxidised  ores 
and  flue  dust,  90  to  110  lbs.  of  a  flux  consisting  of  salt,  smaller 
quantities  of  soda  and  sometimes  a  small  quantity  of  glauber  salt,  G5 


Fiu.  307. 


Fig.  306. 


to  75  lbs.  ground  charcoal  and  220    to   380   lbs.  of  slag  from  the 
previous  charge  :  this  slag  contains  principally  common  salt. 

The  fluxes  are  introduced  into  the  furnace  first,  and  fired  ;  when  in 
a  state  of  tranquil  fusion,  about  an  hour  after  charging,  the  introduc- 
tion of  the  other  ingredients  of  the  charge  is  commenced.  These  are 
added  through  the  working  door  in  portions  of  about  44  lbs.  at  intervals 
of  15  minutes  and  well  stirred  in.  After  the  addition  of  each  portion 
a  scum  is  produced,  which  is  drawn  off  through  the  working  door. 
When  the  last  portion  has  been  added  and  stirred  in,  the  furnace  is 
strongly  fired,  and  the  charge  tapped,  the  whole  process  occupying 
from  4  to  6  hours.  During  the  process  the  antimony  is  separated 
from  its  oxygen  and  sulphur  compounds  by  the  action  of  the  charcoal 
and  soda,  gangue  is  slagged  by  the  soda,  and  the  foreign  metals 
present  are  earned  into  the  slag  as  sulphides  by  the  action  of  the 
sulphide  of  soda  resulting  from  the  reduction  of  glauber  salt  by  the 
charcoal.     The  salt  added   to  the  charge  acts,  like  the  glauber  salt 
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and  soda,  as  a  11  ax  and  as  a  cover,  but  it  also  conveys  some  of  the 
foreign  metals  into  the  slag  in  the  condition  of  chlorides. 

The  fuel  consumption  is  5 — 6  cvvts.  per  charge,  and  the  loss 
amounts  to  14  or  15  per  cent,  of  the  total  antimony  contained  in  the 
ore. 

The  slag  and  metal  collect  in  the  tapping-pot,  and  after  they 
have  become  solid  are  lifted  out  together,  after  which  the  antimony 
regulus  is  freed  from  slag  and  broken  up. 

At  Siena  the  procedure  resembles  that  practised  formerly  at 
Bouc  and  Septemes.^  The  following  are  the  figures  obtained  from  the 
working  of  830  charges  : — ^ 

368,838  lbs.  of  roasted  ore. 


268,918    „ 

„    sea  salt. 

12,641    „ 

„    soda  ash. 

88,628    „ 

„    glauber  salt. 

38,205    „ 

,,    slag  from  previous  charges 

4,409    „ 

„    iron  slag. 

Antimony  obtained  113,573  lbs.  The  loss  of  antimony  is  not 
given. 

In  New  Brunswick  the  furnaces  are  8  feet  6  inches  in  diameter, 
the  beds  are  built  of  fire-clay  and  are  concave ;  the  depth  in  the 
centre  is  1  foot  6  inches.  The  refining  follows  immediately  after  the 
reduction ;  the  roasted  ore,  5  cwts.  at  a  time,  is  spread  on  the  red- 
hot  bed,  and  covered  with  1  cwt.  of  glauber  salt,  and  82  lbs.  of 
coarsely  powdered  hard  wood  charcoal.  After  4  hours  the  charge  is 
melted  and  effervescing  ;  the  carbonic  oxide  which  is  liberated  escapes 
through  the  layer  of  slag  and  burns.  The  charge  is  rabbled  until 
it  ceases  to  boil,  and  then  allowed  to  settle  for  half  an  hour.  After 
this  the  charge  is  cooled  by  leaving  the  fire  door  open.  When  the 
slag  has  attained  a  low  red  heat  and  is  in  a  pasty  condition,  it  is 
drawn  out,  and  the  materials  for  refining  are  added ;  the  furnace  is 
then  strongly  heated.  The  added  materials  are  27"5  lbs.  of  glauber 
salt,  and  11  lbs.  of  wood  charcoal.  Sulphide  of  soda  is  formed 
and  produces  a  slag  with  the  impurities  in  the  antimony.  After 
an  hour  and  a  half  the  metal  and  slag  are  in  a  state  of  tranquil 
fusion,  and  the  melted  mass  is  ladled  into  iron  moulds.  The 
pouring  is  done  in  such  a  wa}'  that  at  least  half  an  inch  of  thick 
slag  remains  on  the  surface  of  the  metal  in  the  mould.  In  this 
way  it  is  impossible  for  the  antimony  to  begin  to  solidify  before  the 
mould  is  filled.     As  soon  as  the  ingot  is  solid,  the  slag  is  removed : 

'  Bidou,  loc.  cit.  ^  Knab,  MetaUur<jie,  p.  528. 
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it  is  essentially  a  sulpho-salt  of"  antimony  mixed  with  sodium  car- 
bonate, and  contains  15  per  cent,  of  antimony;  the  latter  is  re- 
covered by  smelting  the  slag  with  one-fifth  of  its  weight  of  iron. 
Information  as  to  the  amount  of  loss  in  the  process  is  not  published. 
In  Hungary  at  one  works  they  are  said  to  combine  the  refining 
with  the  reduction.  It  is  said  that  5  cwts.  of  roasted  ore  are  smelted 
Avith  10  per  cent,  of  small  coal  and  3'6  per  cent,  of  glauber-salt  ^  in 
reverberatory  furnaces  for  20  hours,  the  slags  are  then  removed  and 
22  to  25  lbs.  of  slag  from  a  previous  refining  of  antimony  added. 
After  this  is  fused,  the  ladling  of  the  metal  is  proceeded  with. 

Beduction  in  Shaft- Furnaces 

This  method,  as  well  as  the  reverberatory  furnace  method,  was 
practised  formerly  at  Bouc  and  at  Septemes  in  France,  and  at  Oak- 
land in  California  :  at  the  present  time  it  is  in  use  at  Banya  in 
Hungary. 

At  Bouc  and  Septemes  -  ores  containing  30  to  40  per  cent,  of 
antimony  were  roasted  in  reverberator}'  furnaces  and  smelted  in 
shaft  furnaces  which  were  worked  on  the  '^ spur"  principle  with 
covered  "  eye."  They  were  10  feet  10  inches  high,  2  feet  7  inches  to 
3  feet  in  depth,  and  1  foot  11  inches  wide  and  had  three  tuyeres. 
No  information  is  available  as  to  the  composition  of  the  charges.  In 
24  hours  2  to  2|  tons  of  ore  were  worked  and  the  coke  consumed 
was  half  the  weight  of  ore.  The  crude  metal  produced  contained 
92  to  95  per  cent,  of  antimony  and  was  refined. 

At  Oakland  in  California,  in  1882,  oxidised  ores  Avere  worked  in  a 
circular  water-jacket  furnace.  The  proportions  of  ore,  etc.,  in  the 
charge  were  80  parts  by  weight  of  ore,  100  of  slag  and  30  of  coke. 
There  was  no  satisfactory  arrangement  for  condensation,  and  the 
yield  of  antimony  was  only  77f  per  cent,  of  the  assay  value  of  the  ore. 

At  Banya  ^  the  materials  for  the  production  of  antimony  were  : — 

Roasted  ore  containing   ....     48-49  per  cent,  of  antimony. 
Unroasted  oxidised  ores  ....     46  „ 

Unroasted  liquation  residues  from 

the  production  of  crude  antimony 

containing 21  4 

Roasted  residues  containing     .     .     23 

Flue-dust 56 

Refinery  slag 25 

'   Bti-'j.-  und  Hutten-Zeitinuj,  1862,  p.  -408. 

-  Simonin,  loc.  rit. 

3  Strthl  und  Emu,  1886,  vol.  vi.  p.  62. 
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These  are  smelted  together  in  shaft  furnaces  19  feet  7  inches 
high,  the  diameter  being  4  feet  7  inches  at  the  mouth  and 
S  feet  4  inches  at  the  tuyere  :  each  furnace  has  5  water  tuyeres 
and  is  constructed  with  a  closed  crucible ;  3,000  cubic  feet  of  wind 
are  supplied  per  minute  at  a  pressure  of  12  inches  of  water.  A 
■campaign  or  "  run "  lasts  3  weeks.  The  charges  are  of  2  different 
■compositions  A  and  B  below. 

A.  IJ. 

lbs.  lbs. 

Roasted  ore 1213  132.3 

Roasted  residues  from  lic^uation 1654  1323 

Ore  moulded  into  lumps  with  lime  ....        441  — 

Flue  dust  do.  do 220  — 

Unroasted  ore —  220 

Oxidised  ores —  220 

Unroasted  liquation  residue.s —  220 

Limestone      1323  1764 

Foul  slags  from  same  work 882  882 

iSlags  from  refinery —  441 

Impure  antimony  {III.  below) —  220 

The  mixing  of  lime  with  the  fine  ore  and  flue-dust  is  only  done 
during  the  first  8  or  10  days  of  the  campaign,  after  that  time  they 
can  be  added  in  their  natural  state  without  prejudice  to  the  process. 
The  quantities  of  lime  used  at  first  are,  for  fine  ores,  10  per  cent,  by 
weight  and  for  flue-dust  7  per  cent. 

These  2  charges  are  used  alternately  so  that  2  charges  of  mixture 
A  are  followed  by  1  charge  of  B,  and  in  24  hours  a  total  of  30  cwts. 
is  put  through  the  furnace.  The  unrefined  antimony  obtained  is  of  3 
grades,  of  the  following  compositions  : — 

1.  II.  III. 

Antimony,  per  cent 90-02  73-80  65-04 

Iron  ,,  6-23  16-66  2380 

Sulphur  „  2-85  8-42  10-46 

99-10  98-88  99-30 

Per  cent.  Per  cent.  Per  cent. 

Proportion  of  total  output    .    .      82-5  9-0  8-5  =  100 

The  grades  I.  and  II.  are  refined  :  the  grade  III.  is,  returned  to  the 
furnace  in  the  charges  as  shown  above. 

The  slags  produced  in  this  operation  have  the  following  com- 
position : — 

I.  II. 

SiO., 46-9  45-9 

CaO 34-6  31-4 

FeO 15-1  19-9 

Sb     .  ■ 0-5  0-9 

Slags  which  ai-e  not  clean  and  contain  large  quantities  of 
antimony  are  returned  to  the  furnace. 
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Heringi  proposed  to  work  the  liquation  residues  of  the  com- 
})osition  shown  on  p.  444  in  a  circular  shaft  furnace  of  the  following 
dimensions,  height  19  feet  8  inches,  diameter  at  the  tuyere  level  3 
feet  4  inches,  number  of  tuyeres  3,  air  supply  530  cubic  feet  per 
minute  at  a  pressure  of  7 "8  inches  of  water.  He  claimed  that  in  a 
furnace  of  this  description  it  would  be  possible  to  smelt  7  tons  of 
residues  with  the  addition  of  150  per  cent,  of  tap  cinder,  40  percent. 
of  limestone,  and  5  per  cent,  of  gypsum  or  glauber  salt,  with  a  coke 
consumption  of  14  per  cent,  of  the  weight  of  the  residues. 

Reduction  in  Pot  Furnaces 

The  reduction  of  roasted  ores  in  crucibles  in  pot  furnaces  is, 
on  account  of  its  high  cost,  only  adopted  occasionally  where  a  small 
quantity  is  required,  and  where  rich  ores  or  crude  antimony  are 
available. 

The  roasted  ore  is  fused  with  10  per  cent,  of  its  Aveight  of  crude 
argol  or  with  charcoal  or  anthracite  and  potash  or  soda,  in  fire-clay 
crucibles  heated  in  a  wind  furnace  or  in  a  galley  furnace.  The 
melted  metal  is  cast  in  iron  moulds  coated  with  tallow  or  thin 
fire-clay  cream. 

According  to  Knab-  each  crucible  contains  26*5  lbs.  of  roasted 
ore  with  10  per  cent,  of  charcoal  and  7"15  per  cent,  of  salt  or  soda. 
The  pots  are  arranged  10  or  12  in  each  furnace,  and  each  pot  turns 
out  4  or  5  charges  in  24  hours.  The  consumption  of  coal  is  70  to 
80  per  cent,  of  the  weight  of  the  ore,  and  the  life  of  each  pot  is  7  or 
8  charges. 

2.    THE  PRECIPITATIOX  METHOD  OF    IIEDUCTIOX 

This  method  is  applicable  only  to  rich  ores  and  crude  antiniony. 
It  consists  in  replacing  the  antimony  in  the  sulphide  of  antimony  by 
iron,  thus  se])arating  the  antimony  in  the  metallic  state,  and  forming 
sulphide  of  iron  at  a  comparatively  low  temperature.  It  is  impos- 
sible, however,  to  completely  separate  the  sulphide  of  iron  from  the 
antimony,  on  account  of  the  high  specific  gravity  of  the  former,  and 
therefore  sodium  sulphate  and  carbon  ari'  added  in  order  to  produce 
sodium  sulphide,  which  forms  with  the  iron  sulphide  a  fusible  slag 
of  low  specific  gravity  which  easily  se])arates  from  the  antimony. 
Common  salt  is  used  in  England  instead  of  sodium  sulphate  and 
carbon.     Iron  is  best  used  in  the  form  of  turnings,  shavings,  or  tin- 

^   l)'n}ijler,  vol.  ccxxx.,  p.  25.3. 

-  Mctalkmjy,  p.  524.     Paris,  1891. 
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plate  cuttings.  In  the  case  of  the  latter  the  tin  they  contain  does 
no  harm.  The  proportion  of  iron  must  not  be  too  high  in  the  case 
of  ores  containing  sulphides  of  lead  and  arsenic,  because  the  antimony 
would  not  only  be  contaminated  with  iron,  but  also  with  the  lead  and 
arsenic  reduced  by  the  iron  from  their  respective  compounds. 

With  reference  to  this  it  must  be  borne  in  mind  that  where 
sodium  sulphate  and  carbon  are  used,  part  of  the  iron  is  consumed  in 
decomposing  the  sodium  sulphate.  It  has  been  found  by  experiment 
that  where  10  per  cent,  of  glauber  salt  and  2  to  3  per  cent,  of  coal  are 
used,  44  per  cent,  of  iron  is  required  ;  this  figure  is  given  by  Karsten, 
but  Liebig  states  that  42  per  cent,  is  sufficient,  and  Hering  uses  only 
40  per  cent.  Berthier  uses  the  following  proportions : — sulphide  of 
antimony  100,  forge  scale  60,  soda  45  to  50,  coal  dust  10.  The  iron 
in  all  cases  separates  out  as  the  monosulphide  FeS,  or,  according 
to  Schweder,  as  the  sulphide  FcgS-. 

In  England  it  is  usual  to  add  excess  of  iron  in  order  to  secure  the 
separation  of  all  the  antimony  in  the  ore :  this  however  is  only  done 
with  ores  w^hich  are  free  from  lead  and  arsenic.  The  excess  of  iron 
alloys  with  the  antimony,  and  is  removed  by  subsequent  fusion  with 
more  sulphide  of  antimony. 

There  is  some  loss  of  antimony  in  the  precipitation  method  owing 
partly  to  volatilisation  of  the  sulphide  and  partly  to  the  fact  that  the 
slags  caiTy  some  away :  Karsten  states  that  the  yield  where  crucibles 
are  used  is  64  per  cent.,  Berthier  65  to  67  per  cent. :  the  theoretic 
yield  is  71 '5  per  cent. 

This  method  is  carried  out,  as  a  general  rule,  in  pot  furnaces, 
'  but  reverberatory  furnaces  are  sometimes  used  in  spite  of  the  inevit- 
able loss  of  antimony;  shaft  furnaces  have  only  been  applied 
experimentally  ;  crucible  furnaces  are  adopted  in  England,  Hungary 
and  other  places. 

In  English  works,  of  which  the  principal  ones  are : — Messrs. 
Cookson  and  Co.,  Newcastle-on-Tyne,  Messrs.  Hallet  and  Fry,  John- 
son and  Matthey,  and  Pontifex  and  Wood  in  London,  ores  containing 
50  to  55  per  cent,  of  antimony  are  worked.^  An  antimony-iron  alloy 
is  first  produced  by  fusing  the  sulphide  in  graphite  pots  wdth  excess 
of  wrought  iron.  This  ensures  the  extraction  of  all  the  antimony 
contained  in  the  ore.  This  alloy  is  then  freed  from  the  iron  it  con- 
tains by  fusing  it  in  graphite  pots  with  sulphide  of  antimony,  and  the 
metal  obtained  again  fused  with  suitable  materials  in  graphite  pots 
in  order  to  refine  it.     All   three  operations   take  place  in  the  same 

1  Jouni.  Soc.  Chem.  Ivd.,  Jan.,  1892  ;    EiujHsh  Miniiuj  Journal,  March  12,  1892  ; 
The  Mineral  Industry,  1892,  p.  2.3. 
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fiii-uace.  The  ore,  broken  to  the  size  of  hazelnuts,  is  smelted  with 
wrought  iron,  tin-plate  cuttings,  salt  and  slag  from  the  same  pro- 
cess, .or  with  skimmings  from  a  subsequent  one.  Each  pot  holds 
a  charge  consisting  o{  4G'3  lbs.  of  ore  containing  52  per  cent,  of 
antimony,  17"6  lbs.  of  iron,  •1'4  lbs.  of  salt  and  1"1  lb.  of  slag  or 
.skimmings.  The  iron  usually  consists  of  14'8  lbs.  of  cuttings  com- 
])ressed  into  a  cake  and  3"8  lbs.  of  turnings  and  borings.  The  ore, 
.salt,  slag  or  skimmings  as  the  case  may  be,  and  the  borings  are 
mixed  together  and  placed  in  the  pot,  and  the  cake  of  cuttings  is 
placed  on  the  top  as  a  cover. 

The  furnaces  in  the  largest  works  each  contain  42  pots,  which  are 
heated  by  the  flame  from  two  fireplaces,  one  in  each  of  the  short  sides 
of  the  furnace.  In  the  centre  of  the  roof  is  a  flue  which  carries 
away  the  gases  from  both  fireplaces.  The  bed  of  the  furnace,  includ- 
ing the  two  fireplaces,  is  54  feet  long  and  7  feet  4  inches  wide  ;  the 
roof  is  low  and  in  it  are  21  openings  along  each  long  side,  through 
which  the  crucibles  are  put  in  and  taken  out.  These  openings  are 
14  inches  in  diameter  and  are  fitted  with  covers.  The  sides  and  roof 
<:)f  the  furnace  are  bound  with  iron  plates,  and  there  are  two  smaller 
openings,  4  inches  in  diameter,  in  the  shorter  sides  of  the  roof  over 
the  fireplaces  for  the  removal  of  clinkers,  &c. 

The  two  pots  nearest  the  fire  at  each  end  of  the  furnace  are 
charged  with  antimony  for  refining. 

The  smelting  of  a  charge  for  the  production  of  the  antimony-iron 
alloy  takes  3  hours  or  a  little  less.  When  the  charge  is  smelted  the 
contents  of  the  pot  are  poured  into  conical  moulds  and  a  new  charge 
is  introduced.  When  the  contents  of  the  mould  are  cold  the  matte 
and  slag  are  removed  from  the  surfece  of  the  antimony  by  beating  it 
with  a  hammer,  and  are  thrown  away. 

The  antimony-iron  alloy,  technically  known  as  "  sin(/lcs,"  contains 
91*63  per  cent,  antimony,  7*23  per  cent,  iron,  0"82  per  cent,  sulphur, 
and  0"32  per  cent,  insoluble  matter. 

The  iron  in  the  alloy  is  removed,  as  already  stated,  by  fusion  with 
sulphide  of  antimony.  To  ensure  the  complete  removal  of  the  iron, 
excess  of  the  sulphide  is  used.  The  iron  sulphide  separates  as  a 
matte,  and  common  salt  or  sometimes  soda  ash  is  added  as  a  cover 
and  to  flux  the  sulphides.  The  charge  consists  of  92"G  lbs.  of  broken 
regulus,  7-5  to  9  lbs.  of  liquated  sulphide,  and  4-4  lbs.  of  salt,  and 
the  same  furnace  is  used  as  in  the  former  process.  The  fused  mass 
is  stirred  from  time  to  time  with  an  iron  rod,  and  the  time  required 
for  a  charge  is  about  li  hours.  At  the  conclusion  of  this  fusion 
the  slag  and   matte  are  removed  with  an   iron  s))oon  and  the  con- 
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tents  of  the  pot  poured  into  a  conical  cast  iron  mould,  the  matte 
and  skimmings  being  added  to  subsequent  smeltings  of  ore. 

The  metal  which  at  this  stage  is  known  as  "  star  howls  "  contains 
95"58  per  cent,  antimony,  0"18  per  cent,  iron,  and  0"16  per  cent, 
sulphur.  The  presence  of  sulphur,  which  is  due  to  the  excess  of 
.sulphide  used  in  the  second  fusion,  may  be  recognised  by  the  appear- 
ance of  small  glistening  patches  in  the  crystalline  pattern  on  the 
surface  of  the  casting. 

In  order  to  remove  the  sulphur  and  to  produce  the  so-called 
"  stai'  antimony  "  the  "  star  hovjls  "  have  to  be  further  refined.  To  do 
this  a  fused  mixture  of  potash  and  sulphide  of  antimony  is  added  to 
the  metal  in  a  graphite  crucible  in  the  same  furnace  as  was  used  in 
the  previous  operations.  The  charge  is  92*6  lbs.  of  metal  and 
8*8  lbs.  of  the  fluxes,  the  latter  being  added  after  the  fusion  of  the 
metal.  The  pots  are  placed  in  the  hottest  part  of  the  furnace  as 
close  as  possible  to  the  fire,  and,  when  the  fusion  is  complete,  the 
contents  of  the  pots  are  stirred  with  an  iron  rod  and  poured. 

The  consumption  of  coal  per  week  for  the  above  method  of  treat- 
ment is  22  tons  or  li  tons  per  shift  of  12  hours.  Eleven  crucibles 
are  used,  on  the  average,  per  ton  of  antimony  produced,  and  35  men 
are  required  to  work  a  furnace,  as  shown  in  this  table : — 


Firemen      .    . 

Per  side  of  the 

funiace  per  shift, 

12  hours. 

...         1      .     .     . 

For  the  whole 

funiaee  per  shift, 

12  hours. 

Per  day 

of 
24  hours. 
.  •     .    4 

Furnacenien 

ift  onh',  viz. 

and  engine 

;rs     .... 

4         .    . 

...  16 

Retiners 

O 

.    .    .    4 

Metal  breakers     . 
Charge  mixer    .    . 
Workers  on  day  sh 

...      —    .    .    . 

2 
.    .     1 

.    .    .    4 

one^l 

.    .    .    5 

and  three  laboure 

35 

The  lo.ss  in  this  process  is  10  per  cent,  of  the  antimony  con- 
tained in  the  ore,  the  greater  part  of  which  is  due  to  volatilisation 
during  smelting.  Condensing  chambers  are  connected  with  these 
furnaces  and  are  cleaned  out  four  times  a  year,  w^hen  a  large  quantity 
of  white  flue-dust  is  obtained.  This  contains  70  to  72  j3er  cent,  of 
antimony  and  is  mixed  with  coal  dust  and  smelted  with  charges  of 
ore. 

At  Magurka,  in  Hungary,  the  precipitation  method  was  formerly 
in  use :  pot  furnaces  and  graphite  crucibles  were  employed.  Charges 
of  20  to  22  lbs.  of  antimony  sulphide  with  iron,  potash,  and  pan  scale 
{from  salt  works)  were  treated.  The  process  was  divided  into  two 
operations. 
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Reverberator}'  furnaces  are  said  to  be  in  use  at  Linz,  Sehleiz  in 
German}-,  and  at  Alais  in  France.  It  is  impossible  to  prevent  con- 
siderable loss  by  volatilisation  in  these  furnaces,  and  they  must 
therefore  be  connected  with  very  long  condensing  flues  in  order  to 
collect  the  metallic  fume.  The  bed  too  must  be  very  tight  in  order 
to  prevent  leakage  of  the  fused  metal,  which  is  very  fluid.  At  the 
deepest  point  of  the  bed  a  tap-hole  is  provided  for  drawing  off  the 
smelted  charge.  The  detailed  results  of  work  in  these  furnaces  are 
not  known  to  the  author :  in  any  case  there  must  be  much  gi'eater 
loss  than  in  the  pot  furnaces. 

Hering  has  experimented  with  shaft  furnaces  for  the  treatment 
of  liquation  residues  by  the  precipitation  method.  Although  his 
experiments  were  not  continued  as  far  as  the  attainment  of  a  definite 
result,  and  in  spite  of  the  unsatisfactory  results  of  previous  Avorkers, 
it  appears  that  this  method  could  be  carried  out  in  shaft  furnaces  and 
that  the  result  would  be  the  more  satisfactory  the  richer  were  the 
ores  whicli  were  treated. 


Products  of  the  E'xtraction  of  Antimony 

These  are  unrefined  antimony  and  slags.  The  former  contains 
a  series  of  foreign  elements,  more  particularly  arsenic,  iron,  copper 
and  sulphur,  as  the  following  analyses  show : — 

1.  2.  .3.  4.  o. 

From  Fahlore-speiss 

\r„^K^i  r.t ^.   .<-•  B      •■..  i-  Bv  reduction  of  desilverised  bv 

Methotl  01  extraction        Precipitation.  '   •  i-     i  i  ..■       ■   -^\ 

^  oxidised  ores.        amalgamation  in  the 

Stephan  Works. 

Furnace  used      .    .    .      Reverberatoiy.  Shaft  furnaces.  — 

Analyst Helmhacker.  —  — 

Sb 94-.')  ,S4U  97-2  95-0  90-77 

S 2-0  5-0  ()-2  0-75  20 

Fe 3-0  10-0  2-5  4-0  — 

Cu —  —  —  —  5-73 

As 0-25  1-0  0-1  0-25  — 

Au traces  —  —  —  — 

The  impure  antimony  has  to  be  refined. 

Slags  from  the  extraction  of  antimony  by  the  roasting  and  reduc- 
tion method  consist  principally  of  silicates,  those  from  the  precipita- 
tion method  of  silicates  and  sulphides.  Some  of  them  are  thrown 
away  and  some  are  used  in  the  first  smelting  of  the  ores. 


ANTIMONY  461 

THE  EXTRACTION  OF  ANTIMONY  FROM  METALLUlKilCAL  RYE-PRODUCTS 
WHICH    CONTAIN   ANTIMONY 

The  following  bye-products  are  produced  in  the  process  of  ex- 
tracting antimony  from  its  ores :  liquation  residues,  matte,  slags, 
refinery  slags  and  flue  dust.  These,  if  sufficiently  rich,  are  added  to 
the  charges  in  smelting  the  ore ;  the  liquation  dross,  however,  is 
subjected  to  a  preliminary  roasting,  and  the  flue  dust  is  intimately 
mixed  with  lime,  before  it  is  smelted.  Liquation  residues  are  also 
sometimes  treated  separately  in  shaft  furnaces. 

At  the  Stephan  Works  in  Upper  Hungary,  antimony  is  extracted 
from  the  speiss,  which  has  been  desilverised  by  amalgamation ;  this 
speiss  is  obtained  by  smelting  fahl-ores.  The  antimony  is  extracted 
by  smelting  the  speiss  with  pyritic  ores  in  shaft  furnaces.  The 
copper  is  converted  into  sulphide  by  the  sulphur  of  the  pyrites,  and 
the  impure  antimony  obtained  is  refined. 

c.  The  Refining  of  Antimony 

Unrefined  antimony,  as  already  stated,  usually  contains  sulphur, 
iron,  arsenic  and  copper,  and  frequently  lead  as  well.  These  im- 
purities, with  the  exception  of  lead,  can  be  eliminated  partly  by 
oxidising  and  slagging  agents,  partly  by  sulphurising  agents,  and 
partly  by  chlorinating  agents.  Sulphur  is  removed  by  fusion  with 
soda  or  potash  or  antimony  glass  (antimony  oxysulphide). 

Arsenic  is  converted  by  soda  or  potash  into  arseniate  of  soda  or 
potash,  and  can  thus  be  removed.  Copper  and  iron  are  converted 
by  sulphide  of  antimony  into  sulphides ;  the  conversion  is  facilitated 
by  the  addition  of  soda  or  potash,  or  of  glauber  salt  and  charcoal. 
The  sulphides  of  iron  and  copper  form  a  slag  with  the  sulphide  of 
sodium,  which  results  from  the  reduction  of  the  glauber  salt,  and 
with  the  soda  or  potash  present.  They  can  also  be  removed  easily 
by  antimony  glass. 

Common  salt,  carnallite  or  magnesium  chloride,  when  added, 
cause  the  volatilisation  of  some  foreign  metals  as  chlorides,  and  slags 
the  others.  A  large  quantity  of  antimony,  however,  is  volatilised  at 
the  same  time,  so  that  on  the  large  scale  this  method  is  attended 
with  great  loss  of  metal. 

The  above-mentioned  methods  do  not  eliminate  lead,  because 
metallic  antimony  separates  lead  from  its  oxide  or  sulphide ;  lead 
can  only  be  separated  from  antimony  by  chloridising,  which  causes 
great  loss  of  antimony,  and  even  then  the  lead  is  only  incompletely 
removed. 
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Mitscherlich  suggested  that  the  lead  should  be  removed  from  the 
sulphide  of  antimony  before  the  latter  was  smelted,  by  fusing  the 
sulphide  with  4  per  cent,  of  iron ;  b}-  this  means  the  Avhole  of  the 
lead  and  a  comparatively  small  amount  of  antimony  Avould  be 
removed.  From  all  this  it  is  obvious  that  the  best  way  to  produce 
an  antimony  free  from  lead  is  to  use  an  ore  which  is  itself  free  from 
that  impurity. 

It  has  already  been  pointed  out  that  in  commerce  antimony  is 
judged  b}'  the  appearance  of  the  fern-like  "star"  on  its  surface. 
This  characteristic  is  not  exhibited  by  impure  metal,  nor  by  the  pure 
metal  if  any  part  of  the  surface  has  been  exposed  during  solidifi- 
cation, nor  if  the  slag  covering  set  before  the  metal,  nor  if  undecom- 
posed  soda  or  potash  come  into  contact  (even  in  minute  quantities) 
with  the  surface.  Ingots  which  do  not  show  the  star  must,  if 
impure,  be  refined,  and  if  pure,  be  recast  and  allowed  to  cool  under 
the  proper  conditions.  Small  ingots  Avill  show  only  a  single  large 
star,  while  larger  ones  will  show  several  and  will  have  a  fern-like 
pattern  on  their  sides. 

The  refining  is  done  either  in  crucibles  in  pot  furnaces,  or  in 
reverberatory  furnaces.  The  former  method  requires  a  greater  fuel 
consumption,  and  therefore  for  the  production  of  large  quantities  of 
refined  antimony,  reverberatory  furnaces  are  preferred,  but  the  loss 
of  metal  in  the  process  amounts  to  between  20  and  80  per  cent. 
At  many  works  in  England  the  refining  is  performed  as  a  part  of 
the  process  of  extraction. 

1.    REFINING    IN    POT    FURNACES 

This  kind  of  furnace  is,  or  used  to  be,  in  use  at  Septemes  in 
France,  in  England,  and  at  Oakland  in  California. 

At  Septemes,  30  crucibles  were  arranged  on  a  level  bed  in  one 
furnace ;  the  shape  of  the  furnace  being  that  of  a  barrel  cut  length- 
ways down  the  middle.  The  following  were  the  dimensions  of  the 
furnace  : — length,  7  feet ;  breadth  across  each  end,  4  feet ;  breadth  in 
the  middle,  5  feet ;  the  bed  was  6  inches  lower  than  the  bridge. 
The  roof  was  8  inches  above  the  bridge,  1  foot  6  inches  above  the 
middle  of  the  bed,  and  10  inches  at  the  end  where  the  flue  left  the 
furnace.  The  dimensions  of  the  fireplace  were : — length,  5  feet ; 
breadth,  1  foot  8  inches ;  depth  from  roof  to  bars,  1  foot  4  inches. 
The  working  door  was  placed  in  the  front  longer  side  and  was  20 
inches  wide.  The  crucibles  were  made  of  fireclay  and  stood  5  or  G 
charges  each,  each  charge  consisting  of  48'5  lbs.  of  im[)ure  antimony. 
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The  flux  used  was  a  mixture  of  sulphate  and  carbonate  of  soda 
with  a  little  salt  and  pure  oxidised  antimony  ores ;  13  to  17  lbs. 
of  this  mixture  was  added  to  each  charge.  The  fusion  was  conducted 
at  a  low  red  heat  and  lasted  (i  hours,  during  which  time  450  to 
550  lbs.  of  coal  was  used. 

In  England,  the  reflning  is  carried  out  as  described  on  p.  4oS. 
The  flux  used  is  prepared  by  fusing  together  3  parts  of  potash  and  2 
parts  of  crude  antimony  ;  8-8  lbs.  of  this  is  added  to  185  lbs.  of  the 
impure  metal,  which  nuist  be  carefully  cleaned  from  adhering  slag 
and  matte.  At  the  conclusion  of  the  fusion,  the  contents  of  the  pot 
are  poured  together  into  a  conical  mould  ;  when  cold  the  slag  is 
easily  separated  from  the  metal.  The  slag  is  used  again  with  the 
addition  of  a  little  potash.  The  star  only  appears  when  the  surface 
of  the  cooling  metal  is  completely  covered  with  a  quarter  of  an  inch 
of  slag.  When  the  ingot  is  cold  the  slag  is  removed  by  scrubbing 
with  water  and  sand. 


2.    REFINING   IN   REVERBERATORY    FURNACES 

Reverberatories  are  or  were  used  at  Milleschau,  at  Banya,  at  Siena, 
and  at  Oakland.  It  is  most  necessary  that  the  furnace  should  have 
a  tight  bed  and  one  which  will  resist  the  action  of  the  fused  alkalies, 
otherwise  the  metal  will  leak  through.  It  is  best  to  build  it  of 
blocks  of  a  native  fire-resisting  stone  such  as  granite ;  newly  cut 
stone,  however,  cannot  be  used,  partly  weathered  and  seasoned  stone 
being  better.^  If  such  stone  is  not  available,  a  mixture  of  burnt 
and  raw  clay  may  be  used,  but  in  this  case  it  will  need  to  be  rammed 
into  an  iron  pan. 

Figs.  308,  309  and  310  show  the  construction  of  a  furnace  built 
by  Hering  at  Milleschau,  and  used  and  worked  successfully,  and  which 
was  particularly  commended  by  Helmhacker.- 

The  bed  consists  of  a  granite  block  g  which  is  carried  by  three  iron 
rollers  c,  in  order  that  it  may  be  easily  placed  in  and  removed  from 
the  furnace.  The  rollers  run  on  the  three  railway  bars  /.  The  bed 
is  in  contact  with  the  furnace  wall  only  at  the  front,  or  working  side. 
There  is  a  depression  or  sump  in  the  bed  at  d,  in  which  the  antimony 
collects  and  from  which  it  can  be  ladled ;  h  is  the  working  door  at 
the  opposite  end  to  the  firebridge.  On  account  of  the  difficulty  of 
Working  with  only  one  door,  the  later  patterns  of  furnace  are  provided 
Avith  two  opp(jsite  to  each  other,  one  on  each  side  at  the  flue  end  of 

1  Ber>).-  und  Hiitttu-ZtUung,  1883,  pp.  1,  44,  145,  and  172. 
-  Berij.-  und  Hiitttn-Ztituny,  1883,  loc.  cit. 
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the  furnace.  One  of  them  is  used  to  draw  the  slag,  and  the  other  i« 
used  for  ladling  the  metal  and  charging.  The  firebridge  is  provided 
with  vertical  channels  a,  in  which  air  for  the  complete  combustion  of 
the  fire  gases  can  be  heated.  These  channels  are  connected  with  a 
horizontal  flue  running  through  the  bridge  and  provided  with  a  slide, 
£0  that  the  amount  of  air  admitted  may  be  regulated.  C  is  the 
chimney  provided  with  a  damper.  The  charge  for  a  furnace  of  these 
•dimensions  is  1,200  to  1,500  lbs.  exclusive  of  the  fluxes. 

At  Banya  the  bed  is  built  of  fireclay  11  inches  thick  contained  by, 
.and  well  rammed  into,  an  iron  box  13  feet  long  and  8  feet  2  inches 
wide.     A  charge  consists  of  10  cwt.  of  unrefined  metal. 

In  the  Milleschau  furnace  described  above,  antimony  which 
■contains  large  quantities  of  impurity  is  refined  first  by  soda  and 
then  by  antimony  glass,  while  the  purer  sorts  are  refined  by  antimony 
^lass  alone.  The  tetroxide  of  antimony  used  in  making  the  glass  is 
obtained  in  the  form  of  crusts  which  form  in  the  hottest  part  of  the 
chimney.  According  to  Helmhacker  ^  the  procedure  in  refining  is 
.iis  follows : — 

The  charge  of  1,200 — 1,500  lbs.  is  thrown  into  the  red  hot  furnace 
as  rapidly  as  possible,  and  melted  in  less  than  an  hour.  Vapour  of 
antimonious  and  arsenious  oxides  are  given  off  both  during  the 
charging  and  during  the  fusion.  According  to  the  purity  of  the 
metal  from  3  to  7  per  cent,  of  soda  is  added  as  soon  as  it  is  fused ;  it 
is  well  to  mix  a  little  coke-dust  or  fine  charcoal  with  the  soda :  after 
this,  the  heat  is  raised  to  bright  ijedness  in  order  to  fuse  the  soda. 

The  slag  gradually  becomes  thicker  and  thicker  till,  after  about  3 
hours,  the  bubbles,  which  at  first  were  numerous,  rise  very  slowly 
through  the  charge.  The  slag  is  then  very  carefully  skimmed  off 
through  the  working  door.     . 

At  this  stage  iron  and  sulphur  are  still  left  in  the  metal,  and  to 
remove  these  the  materials  for  the  formation  of  antimony-glass  are 
now  added.  For  each  100  lbs.  of  antimony  in  the  charge,  3  lbs.  of 
liquated  sulphide  of  antimony  and  1 1  lbs.  of  antimony  tetroxide  are 
thrown  in,  and  when  these  are  fused  4J  lbs.  of  potash  or  white  flux 
are  further  added. 

The  fluxes  must  completely  cover  the  bath  of  metal. 

At  the  end  of  a  quarter  of  an  hour  the  antimony  is  pure  and 
may  be  ladled,  which  is  done  with  iron  ladles,  very  cautiously,  in 
order  to  secure  the  starred  appearance  of  the  ingots.  When  cold  the 
ingots  are  removed  from  the  moulds  and  the  layers  of  slag  broken  off 
by  means  of  a  hammer. 

^  Berg.-wid  Hutten-Zeitunri,  1883,  loc.  cit. 
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Three  charges  of  1,300  to  1,500  lbs,  each  can  be  refined  in  one  of 
these  furnaces  in  twenty-four  hours ;  the  consumption  of  coal  is 
1,800  lbs.  for  the  three  charges. 

The  slag  obtained  in  the  last  process  of  refining,  the  so-called 
star  slag,  consists  principally  of  antimony  glass,  and  contains  from 
20 — 60  per  cent,  of  antimony ;  it  is  generally  used  over  again  for 
refining.  When  it  becomes  too  impure  for  this  pui-pose,  it  is  added 
to  charges  of  ore  which  are  about  to  be  smelted  ;  the  other  slags 
obtained  in  the  course  of  refining  are  also  smelted  with  ore  charges. 
The  impurities  in  star  slag  are  sulphides  of  iron  and  nickel,  iron 
oxides  and  silica. 

Loss  of  metal  takes  places  in  refining  by  volatilisation  and  in  the 
flue  dust,  and  amounts  to  20 — 30  per  cent.  Flue  dust  is  principally 
antimony  trioxide  and  tetroxide.  The  cost  of  refining  is  said  to  be 
2i  to  3  marks  per  100  kilos  {i.e.  Is.  3rf.  to  Is.  Id.  per  cwt.). 

At  Banya  the  charge  for  the  furnace  above  described  is  990  lbs. 

of  higher  grade  metal  (90  per  cent.  Sb),  and  110  lbs.   of  the  loAver 

grade  metal  (74  per  cent.  Sb).     To  this  is  added  92'6  lbs.  of  sodium 

sulphate,  11  lbs.  of  powdered  charcoal  and  330  lbs.  of  raw  ore.     After 

10  hours  the  slag  is  drawn  off  and  the  materials  for  forming  the  star 

slag  are  added,  viz. : — 2'2  lbs.  of  crude  antimony,  13'21bs.  of  roasted 

sulphide  of  antimony,  7'5  lbs.  of  potash  and  5"7  lbs.  of  soda  ash.     The 

refined  star  antimony  which  is  obtained  contains  impurities  to  the 

following  amounts  : — 

■  • 
Arsenic 0"330  per  cent. 

Iron 0052 

Silver 0006 

Sulphur 0-720 

Total  impurity     .     .     I'lOS 

At  Siena,  where  the  unrefined  metal  is  less  impure,  the  total 
weights  of  260  charges  are  given  as  follows: — 115,255  lbs.  of  un- 
refined metal,  27,229  lbs.  of  salt,  767  lbs.  of  roasted  ore,  12,549  lbs. 
of  refinery  slag.  The  refined  antimony  obtained  was  107,697  lbs., 
wiiich  is  equal  to  93'5  per  cent. 

The  Products  of  Refining 

These  are — refined  antimony,  refinery  slag  and  star  slag. 
Refined    antimony — The    composition    of    metal    from    different 
>S()urces  is  seen  from  the  table  on  following  page. 
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I.  11.  III.  l\.  V.  VI. 

(  Lipto  iSzt  "l  r       Samples  for  tenders 

Soiucc <     .\Iiklos,    VCalifoinia.  Calif(jrnia.  -]      at  the  Royal  Docks  at 

(  Hungary.  J  (  Wilhelmshaven. 

r  Booth,  Booth,  \ 

Analyst Hirzel.    -|  (Jarret  Garret  vHiml^'.     Hiinlj'.     Himly. 

I^and  Blair.  and  Blair,  j 

Sb 98-27  98-84  99-U81           98  98         98  81         98  87 

Cu 0-54  0-U21  0-0.'52             0-01           0-02           0  02 

Fe 0-63  0-144  0039             0-35           0-34           OlS 

Pb —  0-410  0-538             0-34           034           073 

As —  1-008  0036             0-09           036           00» 

Bi 0-36  —  _                 _             _             _ 

S —  0-064  0-254            023          012          Oil 

(Jo  and  Ni      .    .    .              —  0-013  traces              —              —              — 

Refinery  slag  contains  from  20  to  60  per  cent,  of  antimony,  and 
is  a  mixture  of  soda,  sodium  sulphatimoniate,  antimony  trioxide  and 
tetroxide,  ferrous  oxide,  iron  sulphide,  arsenic  oxide,  and  smaller 
proportions  of  silica  and  alumina  ;  it  is  added  to  charges  of  ore. 

Star  slag  consists  principally  of  antimony  glass,  and  is  used  re- 
peatedly till  it  becomes  too  impure  for  further  use  in  refining,  when 
it  is  added  to  ore  charges. 

II.  Proposals  for  the  Extraction  of  Antimony  by  Wet 

Methods 

There  have  been  several  proposals  of  this  nature  for  the  extraction 
of  antimony  from  poor  ores  and  liquation  residues,  but  as  yet  they 
have  found  no  practical  application  and  appear  to  have  no  prospect 
of  adoption. 

Hydrochloric  acid,  ferric  chloride  and  alkaline  sulphides  have 
been  proposed  as  solvents. 

The  method  of  Hargraves>/  is,  to  treat  the  finely  powdered  ore 
with  hydrochloric  acid,  heat  being  applied  at  the  same  time.  The 
solution  after  being  neutralised  with  lime  is  to  be  treated  with  zinc 
or  iron  in  order  to  precipitate  the  antimony.  The  precipitated  metal 
is  to  be  washed  successively  with  antimony  trichloride  solution^ 
hydrochloric  acid,  and  water,  and  then  fused  with  potash  in  crucibles. 

Smith's  method  is  similar. 

Hering  also  proposes  hydrochloric  acid  as  a  solvent  for  liquation 
residues.^  He  precipitates  the  antimony  from  the  solution  as  basic 
chloride,  by  water,  or  as  sulphide  by  sulphuretted  hydrogen.  The 
latter  is  to  be  obtained  by  digesting  the  liquation  residues  with 
hydrochloric  acid.  The  basic  chloride  or  sulphide  obtained  is  not 
further  treated  but  is  to  be  sent  to  market  as  such. 
^  Dingier,  vol.  cciii.,  p.  153. 
^  DiiKjhr,  vol.  ccxxx. ,  p.  253. 

H  H    2 
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Rud.  Koepp&  Co.  i  propose  ferric  chloride  as  a  solvent.  Sulphide 
of  antimony  reduces  it  according  to  this  equation  :— 

SFc.Cle  +  Sb.,S3  =  6FeCl2  +  SSbClg  -f  S3. 

E.  W,  Parnell  and  J.  Simpson  ^  have  proposed  alkaline  sulphides  as 
solvents. 

III.  Methods  Proposed  for  Extracting  Antimony  Electro- 
lytic ally 

Although  Classen^  and  Ludwig  published  in  1885  a  method  for 
the  electrolytic  determination  of  antimony,  no  method  of  extraction 
based  on  this  principle  has  hitherto  been  adopted.  It  is  question- 
able, apart  from  the  technical  difficulties,  if  antimony  can  be  profit- 
ably extracted  in  this  way. 

Borchers  *  has  proposed  a  method,  based  on  his  own  experiments, 
for  the  extraction  of  antimony  from  ores  by  the  use  of  insoluble 
anodes.  He  uses  as  solvent  sodium  sulphide  w^hich  easily  dissolves 
antimony  sulphide,  and  separates  the  antimony  from  the  solution  by 
means  of  the  electric  current.  The  action  takes  place  best  when  three 
molecules  of  sodium  sulphide  (Na^S)  are  present  for  each  molecule 
of  antimony  sulphide  (Sb.2S3).  If  the  antimony  sulphide  exceeds  this 
proportion,  sulphur  is  liberated  and  interferes  with  the  action,  while 
if  sodium  sulphide  be  in  excess,  the  resistance  of  the  electrolyte  is 
increased.  The  strength  of  the  solution  should  not  exceed  9"  B. 
when  hot  or  12°  B.  when  cold,  and  to  this  3  per  cent,  of  salt  is  added. 
The  latter  promotes  the  separation  of  the  dissolved  sulphide  of  iron 
and  reduces  the  electric  resistance  of  the  liquid. 

Iron  tanks  are  used  as  decomposition  cells,  and  serve  also  as 
cathodes.  When  the  tanks  are  rectangular  iron  plates  are  suspended 
in  the  liquid  to  increase  the  cathode  surface.  Lead  plates  are  used  as 
anodes.  Lead  is  not  dissolved  by  the  electrolyte  in  the  presence  of 
sulphur  compounds ;  these  latter  also  prevent  the  formation  of  large 
quantities  of  lead  peroxide  at  the  anode  as  it  is  reduced  at  once  by 
the  sulphur  as  soon  as  formed. 

The  tension  required  in  each  cell  for  the  decomposition  is  stated 
to  be  2  to  2^  volts,  with  a  current  of  37  to  4-6  amperes  per  square 
foot. 

1  German  Patent,  No.  66,547,  of  12  April,  1892. 

•^  English  Patent,   No.  11,882,  of  1  September,  1884;  Chem.  Zt,j.,  1885,  p.  412. 
3  Bir.  Deulnch.  Chem.  G'es.,  vol.  xviii.,  p.  1104  ;  Classen,  Quant,  chem.  Anal,  durch 
Electrolyse.     Stuttgart,  1886. 

*  Electro- MetaUiir<jie,  p.  148.     Braunschweig,  1891. 
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Borchers  is  of  opinion  that  the  chemical  changes  which  take  place 
during  the  electrolysis  are  probably  the  following : — 

First  the  current  decomposes  three  molecules  of  water : — 

At  the  cathode  the  following  decomposition  takes  place : — • 

Sb.,S3 + SNagS  +  3H2  =  Sb^  +  6NaHS  ; 

and  at  the  ailode  the  action  is  represented  by  the  equation : — 

6NaHS  +  30  =  3H2O  +  SNa^S^. 

Other  changes  also  take  place  during  the  electrolysis,  owing  to 
incomplete  circulation  in  the  bath.  These  minor  changes  are  due 
to  the  presence  in  the  bath  of  sodium  hydrosulphide,  sodium  disul- 
phide  and  sodium  hyposulphite  ;  the  presence  of  all  of  which  in  the 
decomposition  products  has  been  quantitatively  demonstrated  by 
Borchers.  He  assumes  that  oxidation  takes  place  at  the  contact  of 
the  anode  with  the  liquid,  before  the  decomposition  products  can 
pass  from  the  cathode  over  to  the  anode. 

According  to  the  strength  of  the  current,  the  antimony  is  de- 
posited either  as  a  black  powder  or  in  glistening  scales ;  part  of  the 
deposit  adheres  to  the  iron  and  part  falls  to  the  bottom  of  the  cell :  the 
former  is  easily  detached  with  a  steel  brush.  The  deposit  is  washed,. 
dried  and  fused  under  antimony  glass,  yielding  a  very  pure  metal. 
The  residual  liquor  js  worked  up  for  the  extraction  of  the  sodium 
hyposulphite  contained  in  it. 

As  has  already  been  pointed  out,  the  whole  success  of  this  method 
depends  on  the  use  of  insoluble  anodes,  and  it  has  not  yet  been  put 
to  the  test  of  use  on  the  large  scale. 

Borchers  has  also  proposed  a  plant  for  the  extraction  of  antimon)^ 
from  ores.^ 

Koepp's  method  is  to  act  on  antimony  sulphide  with  ferric 
chloride,  with  the  formation  of  ferrous  chloride  and  antimony  tri- 
chloride, while  sulphur  is  separated,  thus  : — 


2Fe2Cl6 + Sb,S3=4FeCl2 + Sb.,Cl,  +  S^ 


The  solution  is  electrolysed  at  a  temperature  of  50°  C.  between 
lead  plates.  The  antimony  is  deposited  at  the  cathode  and  ferric 
chloride  is  formed  at  the  anode.  The  current  used  is  3'7  amperes 
per  square  foot,  but  no  information  is  given  about  the  potential  in 
the  bath. 

1  Electro- Metodhirgie,  1896,  p.  337. 
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Siemens  and  Halske  ^  use  as  solvent  either  the  sulphides,  hydro- 
sulphides  or  polysulphides  of  the  alkalis.  The  finely  ground  ore  is 
lixiviated  with  a  solution  of  the  sulphide  or  hydrosulphide  as  the 
case  may  be,  when  the  sulphide  of  antimony  is  brought  into  solution 
in  the  form  of  a  double  salt,  e.g.  ^vith  NaHS  : — 

Sb.Sg  +  6NaHS  =  Sb^Sg-SNa^S  +  SH^S. 

The  liquor  is  then  led  into  the  cathode  division  of  a  bath  which 
is  divided  by  diaphragms  into  series  of  anode  and  cathode  divisions : 
the  former  being  closed  and  gas-tight  and  containing  insoluble  anodes 
of  carbon  or  platinum,  and  the  latter  being  open  and  fitted  with 
cathodes  of  copper  or  antimony  plates. 

The  double  salt  is  decomposed  at  the  cathode,  viz. : — 

SbgSg-SNa^S  +  6H  =  2Sb  +  6NaHS. 

In  this  way,  in  addition  to  the  antimony,  there  is  obtained  a 
liquor  which  can  be  used  again  to  dissolve  more  of  the  sulphide. 
Salt  or  some  other  alkaline  chloride  can  be  added  to  the  solu- 
tion in  the  anode  cell,  whereby  chlorine  will  be  liberated.  If  the 
lixiviation  residues  contain  gold,  silver,  copper,  mercury,  bismuth, 
zinc,  cobalt  or  nickel,  they  can  be  dissolved  by  means  of  the  chhjrine 
as  chlorides  and  then  precipitated  by  the  sulphuretted  hydrogen 
evolved  during  the  lixiviation.  If  there  are  none  of  these  metals  to 
be  treated  in  this  way  the  chlorine  can  be  used  for  other  purposes, 
e.g.  bleaching. 

It  is  said  that  this  method  is  applicable  both  to  ores  and  to 
metallurgical  bye-products,  but  no  practical  application  appears  to 
have  been  made  of  it  so  far. 

Impure  antimony  which  contained  gold  was  for  a  short  time 
worked  up  for  the  extraction  of  both  metals  at  Lixa  near  Oporto  in 
Portugal :  -  the  process  was,  however,  given  up  on  account  of  the  high 
working  cost.  Plates  of  the  impure  antimony  were  used  as  anodes,  the 
electrolyte  being  a  solution  of  antimony  trichloride.  The  latter  was 
made  by  dissolving  the  trichloride  in  a  concentrated  solution  of  salt, 
potassium  chloride  or  ammonium  chloride  strongly  acidified  Avith 
hydrochloric  acid.  When  the  current  was  passed  the  anodes  slowly 
dissolved,  the  antimony  being  deposited  on  the  cathode  while  the 
gold  in  fine  powder  fell  to  the  bottom  of  the  cell.  The  material  of 
which  the  cathode  was  made  is  not  stated.  In  spite  of  the  fact  that 
soluble  anodes  were  used,  the  method  proved  to  be  too  costly. 

»  German  Patent,  No.  67,973,  June  29,  1892. 

*  J.  H.  Vogel,  Ztitsrhr.  fiir  Angewend.  Chemie,  1891,  p.  327,  and  Sanderson, 
(^icniian  Patent,  No.  ;'54,2I9,  Februar}'  26,  1890. 
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This  metal  possesses  a  steel  grey  colour,  and  shows  a  brilliant 
lustre  when  freshly  broken ;  it  is  known  in  both  the  crystalline  and 
amorphous  conditions.  The  crystalline  form  belongs  to  the  hexa- 
gonal system,  and  is  isomorphous  with  tellurium  and  antimony, 
while  the  amorphous  form  is  a  dark  grey  powder  which  changes  into 
the  crystalline  modification  when  heated  to  370°  C. 

The  crystalline  form  can  be  obtained  by  collecting  the  vapour  of 
the  metal  in  a  receiver  which  is  only  a  few  degrees  colder  than  the 
vapour  itself;  if  the  difference  of  temperature  be  great  the  amor- 
phous form  is  deposited.  It  is  also  deposited  in  the  amorphous 
condition  when  the  vapour  of  arsenic  mixed  with  other  gases  {e.g., 
hydrogen  or  oxides  of  carbon)  is  cooled. 

The  crystalline  form  is  brittle  and  somewhat  hard,  but  the  cast 
metal  flattens  slightly  under  the  hammer,  although  it  is  easily 
broken. 

The  specific  gravity  of  the  crystalline  variety  is  5"727  at  14°  C, 
and  its  specific  heat  0083  (Wiillner  and  Bettendorf).  The  specific 
gravity  of  the  amorphous  variety  is  4*7 1. 

Arsenic  can  be  fused  at  a  dark  red  heat  if  contained  in  a  sealed 
glass  tube  under  pressure.^ 

According  to  Conechy  arsenic  volatilises  at  a  temperature  of 
449° — 450°  C.  as  a  citron  yellow  vapour  which  has  a  strong  smell  of 
garlic ;  it  is  doubtful  if  the  smell  is  due  to  the  metal  or  to  some 
low  oxidation  product.  The  vapour,  as  already  pointed  out,  may 
be  condensed  either  as  crystals  or  as  a  dark  grey  amorphous  powder. 

^  Landolt  and  Mallet,  DiiKjltr,  vol.  ccv.  p.  575. 
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THE   CHEMICAL    PROPERTIES   OF   ARSENIC    AND    ITS   COMPOUNDS 
THAT   ARE    OF    IMPORTANCE   IN    ITS    EXTRACTION 

Arsenic  does  not  change  in  dry  air  at  ordinary  temperatures,  but 
in  damp  air  it  loses  its  colour  and  brilliancy  and  changes  slowly  into 
arsenious  oxide.  When  heated  in  the  air  it  burns  with  a  bluish-white- 
flarae,  forming  a  copious  white  cloud  of  arsenious  oxide. 

Nitric  acid  oxidises  it  to  arsenious  oxide.  Aqua  regia  dissolves- 
it  easily,  forming  a  mixture  of  arsenious  and  arsenic  oxides.  Hot 
concentrated  sulphuric  acid  dissolves  it  with  liberation  of  sulphur 
dioxide :  the  dilute  acid  does  not  attack  it.  Hydrochloric  acid 
attacks  it  only  in  presence  of  air,  and  then  but  feebly,  with  forma- 
tion of  arsenious  chloride.  Chlorine  combines  eagerly  with  it  in  the 
cold,  forming  arsenious  chloride.  When  heated  with  sulphur  it 
forms  sulphide  of  arsenic. 

If  arsenic  be  heated  with  nitre  or  chlorate  of  potassium,  an 
active  oxidation  of  the  metal  takes  place,  and  potassium  arseniate  is 
produced. 

OXYGEN   COMPOUNDS   OF   ARSENIC 

Arsenic  forms  two  compounds  with  oxygen,  arsenious  oxide  and' 
arsenic  oxide  ;  both  of  these  are  acid-forming  bodies,  and  have  a  much 
wider  technical  application  than  the  metal  has. 

Arsenious  Oxide,  ASgOg,  or  As^Og 

This  is  also  known  as  arsenious  anhydride,  arsenic  trioxide  and 
white  arsenic.  It  is  white,  and  occurs  in  both  the  crystalline  and' 
amorphous  states. 

The  crystalline  form  is  dimorphous ;  it  crystallises  in  the  cubic 
and  in  the  rhombic  systems.  Octahedra  are  obtained  by  cooling  a 
hot  aqueous  solution  of  the  oxide ;  a  solution  in  hydrochloric  acid 
gives  better  results.  Rhombic  prisms  crystallise  from  a  saturated 
solution  in  caustic  potash.  The  latter  form  can  also  be  obtained  by 
heating  arsenious  acid  in  closed  vessels  to  a  temperature  of  300°  C.  'y 
when  left  at  rest  for  a  long  time  it  slowly  changes  into  the  amor- 
phous form. 

Amoi-})hous  arsenious  acid,  also  known  as  "  arsenic  glass,"  is 
prepared  by  subliming  the  crystalline  variety  at  a  high  temperature. 
It  is  a  white  transparent  mass,  which,  when  left  at  rest  for  a. 
long  time,  changes  into  the  crystalline  form,  loses  its  transparency,  and! 
assumes  a  porcelain-like  appearance.  When  arsenious  oxide  is  heated 
in  a  closed  tube  placed  in  a  vertical  position,  the  lower  end  being: 
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at  a  temperature  of  400°  C.  and  the  upper  at  200'  C,  the  arsenious- 
oxide  in  the  lower  part  of  the  tube  will  be  found  in  the  amorphous 
condition,  that  in  the  middle  in  rhombic  prisms,  and  that  at  the 
upper  end  in  octahedra. 

The  amorphous  variety  dissolves  readily  in  water  and  alcohol. 
The  crystalline  varieties,  however,  are  only  soluble  with  difficulty  in 
these  liquids. 

Amorphous  arsenious  oxide  fuses  when  heated  at  the  ordinary 
pressure  of  the  atmosphere  ;  the  crystalline  variety,  on  the  other  hand,, 
only  fuses  under  pressure,  and  solidifies  again  in  the  amorphous  form. 

Arsenious  oxide  volatilises  when  heated.  The  temperature  at 
which  it  volatilises  is  given  by  Wurtz  at  200°,  by  Watt  at  218°,  by 
Wormley  at  190°  C.  When  a  solution  of  the  oxide  is  evaporated, 
the  oxide  volatilises  with  its  solvent  between  100° — 150°  C.  Arsenious- 
oxide  is  reduced  when  heated  with  charcoal ;  the  metal  volatilise^  and 
may  be  obtained  as  a  brilliant  black  sublimate. 

Arsenious  oxide  is  a  powerful  reducing  agent,  and  is  extensively 
used  on  this  account  as  a  decoloriser  in  glass-making,  in  the 
manufacture  of  copper  colours,  and  for  the  manufacture  of  yellow 
arsenic  glass. 

Arsenious  oxide  does  not  combine  directly  with  oxygen,  but  by 
the  use  of  strong  oxidising  agents,  such  as  aqua  regia,  chlorine^ 
nitre  and  nitric  acid,  it  can  be  converted  into  the  higher  oxide  of 
arsenic,  arsenic  oxide.  The  principal  use  of  arsenious  oxide  is  in 
preparing  arsenic  oxide,  which  is  largely  employed  in  the  manufacture 
of  aniline  dyes. 


Arsenic  Oxide  or  Arsenic  .Anhydride,  ASgOg 

This  exists  both  as  the  anhydride  and  in  combination  with  water 
as  the  corresponding  acid.  As  is  the  case  Avith  the  coiTesponding" 
oxide  of  phosphorus,  arsenic  oxide  forms  three  different  acids,  arsenic 
acid  H3ASO4,  pyroarsenic  acid,  H^AsgO,,,  and  metarsenic  acid,  HAsOg. 
These  and  their  salts  are  isomorphous  with  the  corresponding  acids 
and  salts  of  phosphorus.  The  pyro-  and  meta-acids  of  arsenic,  how- 
ever, are  not  stable  in  aqueous  solutions  as  the  corresponding  acids 
of  phosphorus  are ;  in  contact  with  water  they  are  converted  into 
the  ordinary  ortho-acid. 

The  anhydride  is  a  white  substance  which  is  only  slightly  soluble 
in  water,  but  combines  with  it  if  the  two  are  left  in  contact  for  a- 
time,  forming  the  acid,  which  is  soluble.  At  a  red  heat  the  anhydride 
fuses  and  decomposes  into  arsenious  oxide  and  oxygen. 
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Arsenic  acid  of  commerce,  HgAsO^,  i^?  a  thick  liquid,  which,  on 
being  heated  to  the  temperature  of  180°  C,  changes  into  hard,  glisten- 
ing crystals  of  the  pyro-acid,  H^As^O-,  with  elimination  of  water. 
At  a  higher  temperature,  200°C.,  more  Avater  is  eliminated,  and  the 
meta-acid  HAsOg  is  obtained,  a  white  glistening  body  resembling 
mother-of-pearl. 

.SULPHIDES   OF   ARSENIC 

Arsenic  forms  three  sulphides,  arsenic  disulphide,  AS2S2,  arsenic 
trisulphide,  AsgSg,  and  arsenic  pentasulphide,  As^S^. 

The  disulphide  occurs  native  as  the  mineral  realgar.  A  substance 
of  similar  composition  is  manufactured  under  the  name  red  arsenic 
glass.  This  latter  substance  is  used  in  the  preparation  of  the  so- 
called  "  Indian  fire,"  and  also  in  tanning,  where  it  is  combined  with 
lime  for  the  removal  of  hair  from  the  hides.  It  was  formerly  widely 
used  as  a  pigment,  but  latterly  has  largely  gone  out  of  use. 

The  trisuli^Mdc  is  found  in  nature  as  the  mineral  oi-piment  (auri- 
pigmentum).  It  can  be  prepared  artificially  by  passing  sulphuretted 
hydrogen  through  an  acidified  solution  of  arsenious  oxide.  If  this 
sulphide  be  heated  out  of  contact  with  air  it  fuses  to  a  yellowish-red 
liquid  which  volatilises  without  decomposition  at  the  temperature  of 
700°  C.  If  heated  in  the  air,  however,  it  burns  with  the  production 
of  arsenious  oxide  and  sulphur  dioxide.  It  is  insoluble  in  strong 
hydrochloric  acid,  while  the  sulphides  of  antimony  and  tin  are 
soluble.  It  is  soluble  in  .solutions  of  the  caustic  alkalis  and  in 
solutions  of  the  alkaline  carbonates,  forming  an  arsenite  and  a 
sulpharsenite  of  the  alkali  metal,  e.g. : — 

2  As^Sg  -f-  4K0H  =  KAsO^ + 3KAsS.,  -f-  2H.,0. 

Arsenic  trisulphide  is  again  precipitated  from  this  solution  on 
adding  an  acid. 

This  sulphide  of  arsenic  was  formerly  highly  esteemed  as  a  pig- 
ment in  oil  painting,  but  has  of  late  years  been  replaced  by  chrome 
yellow  and  picric  acid.  It  is  chiefly  used  now  in  the  same  way  as 
I'ealgar  is. 

Arsenic  pcntasnlphide  is  prepared  either  by  fusing  together  the 
trisulphide  and  sulphur,  or  by  treating  sodium  sulpharseniate, 
NagAsS^,  with  an  acid.  The  latter  salt  is  obtained  by  acting  on  the 
trisulphide  with  jjolysulphide  of  sodium. 

HVDRIDES    OF    ARSENIC 

There  are  two  of  these  compounds,  gaseous  arseniuretted  hydrogen, 
AsHg,  and  solid  arseniuretted  hydrogen,  As^H,.     The  former,  Avhich 
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is  extrciuely  poisonous,  is  prepared  by  generating  hydrogen  in  a 
solution  which  contains  arsenic;  the  latter  is  a  brown  solid  body, 
and  is  prepared  by  acting  on  pure  sodium  arsenide  with  water. 

CHLORIDE   OB"    ARSENIC 

is  produced  when  powdered  arsenic  is  burned  in  chlorine  gas,  or  by 
distilling  arsenious  oxide  with  hydrochloric  acid.  It  is  an  oily 
colourless  liquid  which,  when  exposed  to  the  air,  evaporates  in  white, 
highly  poisonous  vapours. 

COMBINATIONS   OF   ARSENIC   WITH   OTHER   METALS 

Arsenic  combines  with  certain  metals  forming  bodies  known 
as  speiss.  These  only  faintly  resemble  alloys,  being  much  more 
closely  allied  to  the  compounds  of  metals  with  the  non-metallic 
elements.^ 

ORES   OF   ARSENIC 

Arsenic  and  its  technically  important  compounds  are  extracted 
from  nickel  and  cobalt  ores  as  well  as  from  specific  ores  of  arsenic. 
Among  the  latter,  native  arsenic,  mispicJccl,  and  leucopp'ite  are  the 
most  important.  The  other  arsenic  minerals,  arsenic  bloom,  realgar 
and  orinment,  occur  but  seldom,  and  do  not  form  the  subject  of 
ispecial  processes  for  the  preparation  of  arsenical  products,  but  are 
worked  up  with  other  ores  of  arsenic. 

Native  Arsenic 

Native  arsenic,  also  known  as  Jlaky  arsenic,  usually  contains  small 
quantities  of  iron,  cobalt,  nickel,  antimony,  silver  and  frequently 
also  gold.  It  usually  occurs  in  association  with  silver,  lead,  cobalt 
and  nickel  ores,  and  is  found  at  Freiberg,  St.  Andreasberg,  Kapnik 
in  Hungary,  Kongsberg  in  Norway,  at  St.  Marie-aux-Mines  and  at 
Allemont  in  France,  and  in  Cornwall. 

Mispichel, 

FeS.2+FeAs.^,  arsejiopyrite,  or  arsenical  j^y rites,  contains  arsenic,  46"1 
per  cent.,  sulphur,  19'6  per  cent.,  and  iron,  34-3  per  cent.  The 
iron  is  sometimes  replaced  to  the  extent  of  from  6  to  9  per  cent,  by 
cobalt,  in  Avhich  case  it  constitutes  a  cobalt  ore.  It  also  contains 
sometimes  small  quantities  of  gold  and  silver.  It  is  the  most  widely 
<listributed  ore  of  arsenic,  occumng  in  the   Erzgebirge,  Silesia  (at 

1  Schnabel,  Allyfin.  Hiittanhuudf,  p.  10. 
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Reichenstein),  Hungary,  St}Tia,  England  (Cornwall  and  Devon), 
Sweden,  France^./Puy  de  Dome  and  Haute  Loire),  Canada,  etc.  It 
is  accompanied  by  silver,  nickel,  cobalt,  tin,  lead  and  copper  ores  as- 
well  as  by  pyrites. 

Arsenide  of  iron 

occurs  massive  as  lollingite  and  crystallised  as  leucopyrite.  Lollingite 
(Fe2As3)  contains  66'8  per  cent,  arsenic,  while  leucopyrite  (FeAsg) 
contains  7 2 '84  per  cent.  These  frequently  contain  small  quantities 
of  gold,  as  at  Ribas  in  Spain,  and  at  Reichenstein  in  Silesia.  At  the 
former  place  the  leucopyrite,  according  to  Guttler,  contains  from 
14  to  16  dwt.  of  gold  per  ton. 

This  mineral  occurs  less  copiously  than  mispickel,  and  is  found 
at  Silesia,  Reichenstein,  Bohemia,  St}Tia,  Schladming,  Carinthia 
(Lolling,  near  Hiistenberg).  It  is  usually  found  in  association  with, 
the  same  ores  as  mispickel. 

The  rare  minerals — arsenic  bloom,  arsenite,  or  arsenolite,  AS2O3, 
realgar,  AsgSg,  and  orpimeiit,  As^Sg,  are  of  no  importance  as  sources 
of  arsenic. 

Among  the  arsenical  cobalt  and  nickel  ores  must  be  mentioned- 
cohalt  glance,  tin-white  cobalt  or  smaltiiu,  shntteriidite,  vjhite  arsenical 
nickel,  red  arsenical  nickel. 

In  addition  to  the  above  sources  of  arsenical  products,  ores  of 
tin,  silver,  lead  and  copper,  which  contain  mispickel  or  leucopyrite,. 
produce  considerable  quantities  as  bye-products. 

THE   METALLURGICAL   EXTRACTION    OF   ARSENIC   AND  ITS  COMPOUNDS- 

In  addition  to  metallic  arsenic,  which  has  comparatively  small 
technical  importance,  arsenious  oxide,  sulphide  of  arsenic,  and  mix- 
tures of  these  are  prepared  in  metallurgical  works.  The  quantity 
of  these  arsenic  compounds  used  in  the  arts  is  very  considerable. 

Dry  methods  are  used  for  the  working  of  ores  and  metallurgical 
products,  but  wet  methods  have  been  proposed  for  the  recovery  of 
arsenical  compounds  from  residues  from  the  manufacture  of  the 
aniline  coloui's.  The  electrolytic  method  has  been  proposed  for  the 
extraction  of  arsenic  from  its  sulphide,  but  so  far  has  not  been  put 
into  practice. 

We  have  therefore  to  distinguish  between  : — 

I.  The  extraction  of  arsenical  compounds  from  ores  and  metal- 
lurgical products. 

II.  Methods  proposed  for  the  recovery  of  arsenical  compounds- 
from  coal-tar  colour  residues. 
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I.  The  Extraction  of  Arsenical  Compounds  from  Ores  and 
Metallur,<jical  Products 

Here  we  must  further  differentiate  into  : — 

1.  The  extraction  of  arsenic.  ^ 

2.  The  extraction  of  arsenious  acid. 

3.  The  preparation  of  vitreous  realgar. 

4.  The  preparation  of  vitrBous  orpiment. 

1.  The  Extraction  of  Arsenic 
A.  Extraction  hy  the  Dry  Method 

Almost  the  only  dry  method  of  extracting  arsenic  is  that  of 
Tieating  mispickel  or  leucopyrite  in  the  absence  of  air.  Formerly 
another  method  was  employed,  viz.,  by  the  reduction  of  arsenious 
acid  by  means  of  carbon.  This  method  is,  however,  now  abandoned, 
because  a  very  large  proportion  of  the  arsenic  prepared  by  it  was 
obtained  in  the  amorphous  condition. 

When  mispickel  is  distilled  the  arsenic  is  driven  off  and  can  be 
collected.  The  following  equation  shows  theoretically  the  chemical 
change  which  takes  place  : — 

2(FeAs2FeS.2)  =  As,  +  4FeS  ; 

but  in  actual  working  a  very  considerable  quantity  of  the  arsenic, 
amounting  in  some  cases  to  a  half,  remains  behind  in  the  residue. 

Leucopyrite,  when  distilled,  parts  with  a  portion  of  its  arsenic, 
and  leaves  behind  a  lower  arsenide  of  iron  as  shown  by  this  equa- 
tion : — 

16FeAs2  =  7  As,  +  4Fe,As. 

In  practice,  however,  the  residue  is  richer  in  arsenic  than  it  should  be 
theoretically. 

To  prevent  waste  of  the  arsenic  in  the  residues  from  the  above 
processes,  they  are  roasted  in  a  reverberatory  furnace,  and  the 
arsenious  oxide  which  is  formed,  is  collected. 

As  the  arsenic  is  only  wanted  in  the  crystalline  form,  the 
sublimation  must  be  conducted  with  the  greatest  care  and  the  re- 
ceivers must  be  maintained  at  the  correct  temperature. 

The  formation  of  more  or  less  of  the  amorphous  pulverulent 
arsenic  cannot  in  any  case  be  jDrevented ;  and  it  is  used  for  the 
preparation  of  arsenical  compounds. 

The  distillation  is  performed   in  pot  furnaces  built  of  fire-clay. 
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Tubes  or  pots  are  arranged  in  two  rows,  one  on  each  long  side  of 
a  fireplace  in  a  galley  furnace.  Where  pots  are  used,  several  rows 
can  be  arranged  one  above  the  other.  To  the  front  of  the  pots, 
c^'lindrical  receivers  of  fire-clay  are  attached.  These  are  provided 
on  their  front  side  with  doors  of  sheet  iron,  by  opening  which  the 
progress  of  the  sublimation  can  be  observed  towards  the  end  of  the 
process.  The  joint  between  the  sublimation  vessel  and  the  receiver 
must  be  properly  luted,  and  the  door  on  the  receiver  must  be  made 
tight  with  clay.  In  order  to  prevent  loss  by  volatilisation  during  the 
working,  the  tubes  themselves  are  glazed  externally.  They  are  5 
to  7  inches  in  diameter  and  2  feet  4  inches  long.  The  charge  in 
each  tube  is  several  pounds  of  mispickel.  Sheet  iron  rolled  into  a 
spiral  is  placed  in  the  mouth  of  each  tube  so  that  it  projects  4  inches 
into  the  receiver  and  4  inches  into  the  tube.  This  assists  the  formation 
of  crystals  of  arsenic  in  the  shape  of  glistening  grey  scales. 

After  the  tubes  or  jars  are  charged,  the  spiral  of  sheet  iron  is 
placed  in  position,  and  the  fire  started  :  the  receivers  are  not  put  on 
until  arsenic  vapour  begins  to  appear.  The  process  is  complete 
when  no  more  arsenic  vapour  is  seen  on  opening  the  doors  of  the 
receiver.  When  mispickel  is  treated  in  the  way  described  above, 
sulphide  of  arsenic  is  volatilised  at  the  beginning  of  the  process 
and  collects  in  the  receiver  (Freiberg).  The  addition  of  potash  or 
caustic  lime  prevents  the  sublimation  of  sulphide.  The  time  required 
for  the  process  varies,  according  to  the  amount  of  arsenic  in  the  ore, 
from  8  to  12  hours,  where  charges  of  several  pounds  per  tube  are 
used.  After  the  completion  of  the  process  the  receivers  are  taken 
awa}',  and  the  sublimation  residues  are  removed. 

Crystalline  arsenic  collects  on  the  iron  spiral  in  the  mouth  of  the 
tube,  while  the  larger  portion  of  that  which  collects  in  the  cooler  parts 
of  the  receiver,  is  amorphous.  The  spirals  are  cautiously  unrolled 
to  remove  the  scales  of  arsenic  which  have  been  deposited.  These 
scales  possess  a  particularly  bright  lustre,  and  are  fit  for  sale  without 
further  treatment ;  they  lose  their  brilliancy  after  a  very  short 
time,  in  consequence  of  the  formation  of  a  thin  film  of  arsenic 
suboxide,  but,  according  to  Boettger,  this  film  can  be  easily  removed 
by  a  boiling  hot  solution  of  potassium  bichromate  to  which  a  little 
suphuric  acid  has  been  added. 

At  Freiberg, ores  containing ^^  76  percent,  of  mispickel  (i.e.  35  per 

cent,  of  arsenic)  are  worked  in  galley  furnaces,  in  which  there  are 

20  tubes  in  two  rows  on  each  side,  6  in  the  upper,  and  7  in  the  lower 

row.     The  charge  of  ore  for  the  whole  furnace  is  7  cwt.  and  the 

^  Preiiss.  Zeitschr.,  vol.  xviii.,  p.  189. 
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extraction  requires  10  or  12  hours.  The  product  is  165  lbs.  of 
arsenic  from  the  spiral  of  sheet  iron,  and  27  lbs.  of  sulphide  of 
arsenic  out  of  the  receivers.  The  residues,  which  are  argentiferous, 
retain  8  per  cent,  of  arsenic.  They  are  added  to  a  furnace  charge 
in  smelting  for  silver-lead  in  order  to  extract  their  silver.  The 
sulphide  which  collects  in  the  receivers  is  used  for  the  preparation  of 
vitreous  realgar. 

At  Reichenstein/  in  Silesia,  arsenic  is  extracted  from  mispickel. 
The  furnace  formerly  used  contained  26  glazed  tubes,  each  2  feet  to 
2  feet  6  inches  long  and  about  5  inches  wide,  and  the  charge  was 
5  cwt.  of  mispickel  in  the  form  of  slimes.  The  product  consisted 
of  90  per  cent,  of  crystalline,  and  10  per  c(*nt.  of  amorphous  arsenic  : 
the  residues  which  retained  one-third  of  the  arsenic  originally  present 
in  the  ore,  were  worked  up  for  the  production  of  arsenious  acid. 

At  Ribas  ^  in  Spain,  arsenic  used  formerly  to  be  extracted. 
There  were  22  tubes  per  furnace,  each  2  feet  4  inches  long,  and 
about  7  inches  in  diameter :  8  to  10  cwt.  were  charged  at  a  time,^ 
and  the  process  lasted  9  hours.  In  this  time  200  pieces  of  peat  and 
27  to  3-9  cubic  yards  of  coal  were  consumed.  The  arsenic  obtained 
was  used  in  the  manufacture  of  shot. 

B.   The  Electro-Metallurgical  Extraction  of  Arsenic 

Siemens  and  Halske  ^  have  proposed  this  method  for  the  extraction- 
of  arsenic  from  those  ores  and  intermediate  products  which  contain 
the  sulphide.  By  treatment  of  the  ores  with  sulphides,  hydro- 
sulphides  or  polysulphides  of  the  alkali  metals,  the  arsenic  is  brought 
into  solution  as  a  double  salt,  and  the  latter  is  subjected  to  electro- 
lysis. Sodium  hydro-sulphide  gives  a  solution  according  to  the 
equation  : — 

AS2S3 + 6NaHS  =  As2S3.3Na.,S  +  3H,S. 

Similar  soluble  salts  are  produced  by  the  hydro-sulphides  of 
potassium  and  ammonmm.  The  arsenic  is  separated  from  these 
solutions  in  the  manner  described  for  antimony  on  page  470,  The 
following  equation  shows  the  change  which  takes  place  when  the 
arsenic  is  precipitated  by  the  current : — 

As^SgSNa.S  +  3H2  =  As.,  +  6NaHS, 

and    similarly    for    the    double    salts    formed    with    potassium    and 

1  Kerl,  Metallurgy,  p.  506. 

-  Berg.-  unci  Hiitten-Zeitung,  185.S,  j).  764. 

3  German  Patent,  No.  67,973,  June  29,  1892. 
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ammonium  respectively.  In  the  anode  division  of  the  bath  alkaline 
chlorides  are  decomposed,  the  chlorine  evolved  being  utilised  in  order 
to  bring  into  solution  as  chlorides  the  metals  contained  in  the  ore 
residues,  or,  if  there  are  none  present,  for  the  preparation  of  bleach- 
ing powder.  There  has  been  so  far  no  application  of  these  methods, 
and  the  prospect  of  their  introduction  is  very  small,  because  the 
suitable  ores  of  arsenic  are  leucopyrite  and  mispickel,  from  which 
arsenic  cannot  be  directly  extracted  as  sulphide. 

2.    THE   MANUFACTURE   OF   ARSENIOUS   OXIDE 

Arsenious  oxide  is  produced  by  the  roasting  of  special  ores  of 
arsenic  or  of  those  ores  of  gold,  silver,  nickel,  cobalt,  lead,  copper 
and  tin,  which  contain  arsenic. 

The  special  ores  of  arsenic  are  mispickel,  leucopyrite  and  native 
.arsenic ;  the  others,  particularly  the  ores  of  tin,  copper  and  gold, 
usually  contain  large  quantities  of  these  arsenic  compounds,  especially 
mispickel. 

By  far  the  largest  quantity  of  arsenious  oxide  produced  at  the 
present  time  comes  from  Cornwall  and  Devon,  where  it  is  extracted 
from  mispickel,  either  pure,  or  mixed  with  ores  of  copper  and  tin. 
The  following  are  the  principal  mines  : — Botallack,  Levant,  East 
Pool,  South  Crofty,  Tin-croft,  Wheal  Agar,  Callington  United,  Danes- 
combe  and  Drake  wells  in  Cornwall,  and  Devon  Great  Consols  and 
•Gawton  in  Devonshire. 

The  process  adopted  for  the  extraction  of  arsenious  oxide  is  to 
drive  off  the  arsenic  in  the  ore  as  arsenious  oxide  by  roasting,  and 
to  collect  the  latter  in  chambers  and  flues ;  in  most  cases  the  flue 
dust  contains  impurities  and  needs  to  be  jDurified  by  sublimation. 
Sublimed  arsenious  oxide  is  either  crystalline,  or  in  the  form  of 
white  powder :  the  latter  form,  sometimes  obtained  by  grinding 
the  crystals,  is  most  frequently  met  with  in  trade ;  some  however 
is  found  in  the  form  of  lumps,  the  so-called  arsenic  glass,  vitreous 
arsenic  or  ivhite  glass.  It  is  prepared  by  subjecting  the  purified 
arsenious  oxide  to  a  further  sublimation  at  a  higher  temperature. 

We  must  therefore  distinguish  between  : — 

A.  The  extraction  of  crude  arsenious  oxide. 

B.  The  purification  of  crude  arsenious  oxide. 

C.  The  preparation  of  vitreous  arsenic. 

A.  The  Manufacture  of  Crude  Arsenious  Oxide 

Arsenical  pyrites,  mispickel  and  native  arsenic,  either  alone  or 
mixed  with  other  ores,  are  the  special  sources  of  arsenious  oxide. 
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The     changes     which    occur    when     these    are    roasted    are     the 
following  : — 

Leucopyrite  (FeAsg).  At  a  dull  red  heat,  arsenic  vapour  is  given 
off,  being  followed  by  arsenious  oxide  as  the  temperature  rises.  The 
iron  is  nearly  all  converted  into  ferric  oxide,  but  a  small  proportion 
is  converted  into  ferric  arseniate. 

Mispickel  (FeSg  +  FeAsg).  Below  red  heat  it  evolves  arsenic  sul- 
phide vapour.  At  higher  temperatures  it  is  converted  into  a  mixture 
of  ferric  oxide,  ferric  sulphate  and  ferric  arseniate,  sulphurous  acid 
and  arsenious  oxide  being  at  the  same  time  liberated. 

Native  arsenic  is  changed  into  arsenious  oxide. 

The  operation  of  roasting  takes  place  either  in  muffle  furnaces  or 
in  reverberatory  furnaces.  In  the  former  the  fuel  consumption  is 
higher,  but  on  the  other  hand  neither  ore  dust  nor  small  particles 
of  coal  nor  soot  get  mixed  with  the  arsenious  oxide.  The  latter 
would  be  a  serious  matter,  as  during  the  sublimation  the  arsenious 
oxide  would  be  reduced  by  the  carbonaceous  matter  to  metallic 
arsenic. 

In  reverberatory  furnaces  this  difficulty  is  best  avoided  by  the  use 
of  gas  as  fuel. 

The  furnaces  must  be  connected  to  condensing  chambers  and 
flues,  suitably  constructed  for  the  recovery  of  the  arsenious  oxide. 
The  flues  or  chambers  are  best  built  on  a  level  for  convenience  of 
emptying.  With  muffle  furnaces  it  is  important  to  have  sufficient 
cooling  in  the  flues  in  order  to  maintain  the  draught  and  to  prevent 
the  formation  of  large  crystals  of  arsenious  oxide.  The  best  material 
to  use  for  the  flues  is  sheet  lead,  over  which  water  can  be  allowed 
to  trickle  in  case  of  need.  The  so-called  "  poison-towers,"  which 
were  tower-shaped  erections  with  flues,  one  above  the  other,  have 
gone  out  of  use  on  account  of  the  excessive  draught  and  the 
difficulty  of  cleaning  them  out. 

The  construction  of  a  muffle  furnace  such  as  was  formerlj-  in  use 
at  Reichenstein  in  Silesia  is  shown  in  Fig.  311,  in  which  h  is  the  muffle, 
of  which  the  bed  is  11  feet  3  inches  long  and  7  feet  2  inches  broad  ;  c  is 
the  fire-place :  the  fire  gases  travel  through  5  channels  I  below  the 
bed  towards  the  cross  flue  e,  and  through  them  into  the  flues  /,  one 
on  each  side  of  the  furnace  and  on  to  the  forked  chimney  g.  The 
arsenious  oxide  liberated  in  the  muffle  passes  along  the  flue  d  into  a 
system  of  condensing  flues  not  shown  in  the  figure  ;  the  air  required 
to  oxidise  the  charge  enters  at  the  opening  i.  The  small  chimney  h 
serves  to  carry  off  the  fumes  which  escape  at  the  working  door  z. 
The  residues  in  the  muffle  were  drawn  into  the  chamber  t  after  the 
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removal  of  the  slide  k,  and  a  is  a  hole  in  the  roof  through  which  the 
ore  is  introduced  on  to  the  bed. 

At  St.  Andreasberg  in  the  Harz,  cast-iron  muffles,  7  feet  6  inches 
long,  1  foot  7  inches  wide,  and  1  foot  2  inches  high,  were  formerly 
employed. 

At  Freiberg,  reverberatory  furnaces  with  a  single  bed  and  two 
working  doors  on  each  side  are  used  ;  they  are  heated  by  producer  gas 
made  from  gas  coke :  the  beds  are  15  feet  long  and  10  feet  10  inches 
wide. 

In  Cornwall  and  Devonshire  the  arsenical  ores  are  roasted  in 
hand-worked  long-bedded  reverberatory  furnaces,  or  in  Brunton's 
rotary  calciner,  or  Oxland's  rotating  cylinder  furnace. 

The  long-bedded  reverberatory  furnace    has   working   doors  on 


Fig.  311. 


one  only  of  the  long  sides,  the  other  long  side  being  also  the  long 
side  of  a  contiguous  furnace.  These  double  furnaces  measure  over  all 
24  feet  long  and  16  feet  wide,  and  the  dividing  wall  is  1  foot  6  inches 
thick.  The  inside  measurements  of  a  single  furnace  are : — length 
20  feet,  width  G  feet  3  inches,  and  the  maximum  height  of  the  roof 
above  the  bed  1  foot  4  inches.  The  fire-place  for  each  furnace  is  4  feet 
long  and  2  feet  wide,  and  the  top  of  the  fire-bridge  is  9  inches  above 
the  surface  of  the  bed.  There  are  5,  or  sometimes  G  working  doors, 
and  the  ore  is  introduced  through  a  hopper  at  the  end  farthest  from 
the  fire  and  spread  towards  the  bridge. 

Brunton's  calciner  is  arranged  as  shown  in  Figs.  312  and  313. 
a  is  the  bed  fixed  to  a  vertical  shaft,  h  is  the  fire-place,  e  is  the 
hopper  through  which  the  ore  is  introduced  into   the   furnace.     A 
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fixed  i-ake/,  which  stirs  up  the  ore  as  the  bed  a  revolves,  causes  the 
ore  to  travel  gradually  from  the  centre  to  the  circumference  where 
it  escapes  through  the  shoot  (j  into  one  of  the  chambers  h,  /<.,  accord ing 
to   the  position   of   the  valve  z.     The    flue  connecting   the  furnace 


Fig.  31-J. 


0       I       2      3       4      S       6      7       e       9      10      II      12  ri 

' 1 ! 1 1_— I 1 1 ! 1 ! I 1 

Fig.  .3!3. 

with  the  chimney  v  is  not  shown  in  the  figure.  The  diameter  of  the 
bed  is  from  12  to  16  feet,  and  it  makes  from  5  to  10  revolutions 
per  minute. 

The  Oxland  furnace  is  shown  in  Figs.  282  and  283  on  page  389. 

I  I  2 
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The  length  of  the  inclined  cylinder  is  28  to  30  feet,  and  it  is  lined 
with  nrebrick  and  provided  with  longitudinal  ribs ;  its  diameter  is 
about  5  feet.  The  power  required  for  one  furnace  is  about  2  to  3 
horse  power.  This  pattern  of  furnace  requires  less  fuel  and  labour 
than  the  long-bedded  furnace  or  Brunton's  calciner,  but  the  co.st  of 
repairs  is  greater  and  it  is  more  difficult  to  maintain  in  it  an  even 
temperature  and  a  regular  draught.  In  consequence  of  the  strong 
draught  fine  particles  of  ore  are  drawn  into  the  flues  and  deposited 
with   the  arsenious  oxide. 

At  Deloro,  in  Canada,^  mispickel  which  contained  gold  was 
formerly  worked.  The  ore  contained  42  per  cent,  of  arsenic  and  20 
per  cent,  of  sulphur.  The  furnace  used  consisted  of  two  cylinders 
of  the  Oxland  t}*pe  one  above  the  other.  Instead  of  the  longi- 
tudinal rows  of  projecting  ribs,  there  were  4  walls  extending  from  the 
axis  of  the  cylinder  to  the  circumference,  thus  dividing  it  into  four 
entire!}-  separate  portions.  In  the  upper  half  of  the  furnace  the  ore 
remained  in  one  of  these  four  portions  of  the  cylinder  ;  but  in  the 
lower  half  of  the  cylinder  the  division  walls  were  provided  with  slits 
so  that  the  ore  could  fall  from  one  of  the  four  divLsions  into  that 
next  to  it,  thus  coming  into  intimate  contact  with  the  air.  The  air 
was  drawn  out  by  an  exhauster  placed  ne^r  the  chimney. 

The  length  of  the  upper  cylinder  was  29  feet  6  inches  and  its 
diameter  5  feet  6  inches,  and  it  was  connected  by  a  tube  with  the 
lower  cylinder  59  feet  long  and  C  feet  6  inches  diameter,  and  was 
worked  by  natural  draught.  It  contained  division  walls,  like  the 
upper  cylinder,  extending  from  the  lower  end  to  a  distance  of  4  feet 
from  the  upper  end,  but  for  the  remaining  distance  it  was  provided 
with  ribs  ;  these,  however,  were  not  placed  longitudinally  but  spirally. 
Thf  greater  portion  of  the  arsenic  was  driven  off  in  the  upper 
cylinder.  The  arsenious  oxide  which  was  collected  in  the  condensing 
chambers  was  re-sublimed  in  reverberatory  furnaces. 

All  the  furnaces  are  connected  with  a  set  of  flues  or  chambers 
in  which  the  volatilised  arsenious  oxide  is  condensed  as  flue-dust. 
These  are  built  of  either  masonry  or  sheet  lead.  It  was  proposed 
for  pure  ores  to  use  chambers  built  of  sheet  iron  suitably  protected 
from  rusting.- 

Pure  arsenious  oxide  in  the  form  of  a  fine  powder  is  said  to  be 
deposited  in  these  chambers  as  the  result  of  roasting  pure  ores. 

Fig.  314  shows  the  ground  plan  of  a  condensing  flue  for  arsenious 
acid;  v  is  the  furnace,  7c  is  the  flue,  zig-zag  in   jjlan,  and  opening 

1   The  Mineral  Industry,  189.S,  p.  .S4. 
-*  Ibid.,  p.  35. 
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into  the  dust  chamber  z.     The  gases  on  leaving  the  chaniber  s,'pasH 
through  a  second   chaniber  y  into  the    chimney  E.     The   greatest 


portion  of  the  arsenious  acid  is  deposited  at  the  bends  of  the  flue. 
The  flue  walls  near  the  furnace  are  built  of  masonry,  but  after  a 
certain  distance  from  the  furnace  sheet  lead  is  the  best  material. 


486  METALLURGY 

The  construction  of  the  tower-condenser  or  "  poison-tower,"  which 
was  formerly  used,  is  shown  in  Fig.  315.  Chambers  were  built  along- 
side each  other  in  sets,  one  set  above  the  other,  and  the  stream  of 
furnace  gases,  after  passing  through  one  set  of  chambers,  went  on 
to  the  set  next  above,  till  at  the  end  it  entered  the  chinmey  5r  placed 
on  the  top. 

This  arrangement  is  not  efficacious  for  cooling  the  gases,  it  is 
expensive  in  construction,  and  is  difficult  to  clean.  This  latter 
objection  is  of  imjiortance  on  account  of  the  poisonous  nature  of 
the  arsenious  oxide  :  it  is  therefore  no  longer  used. 

In  Cornwall  and  Devonshire  the  arsenic  is  condensed  in  zig-zag 
tines  built  of  masonry,  and  connected  with  the  furnace  by  straight 
flues  100  to  200  feet  in  length.  They  are  5  feet  to  5  feet  6  inches 
high,  3  feet  to  3  feet  6  inches  wide,  and  in  one  case  more  than  1,000 
feet  long.  Those  gases  which  are  not  condensed  pass,  by  a  flue  200 
feet  long,  into  a  chimney  60  to  120  feet  high.  At  Gawton,  the  total 
length  of  flue  between  the  furnace  and  chimney  is  about  an  English 
mile. 

In  working  any  description  of  furnace,  it  is  important  to  observe 
that  neither  ore  dust  nor  carbonaceous  matters  are  allowed  to  get 
into  the  arsenious  oxide  ;  the  latter  would,  when  the  arsenious  acid  is 
sublimed,  reduce  some  of  it  to  metal.  It  is  therefore  necessary-  to 
shut  otf  the  condensing  arrangement  from  the  furnace  when  the 
latter  is  being  charged  or  emptied,  and  also  when  the  charge  is  being 
rabbled  or  stirred.  At  these  times  the  furnace  is  temporarily  put  into 
communication  with  a  secondary  chimney.  The  temperature  should 
be  only  high  enough  to  volatilise  the  arsenic,  and  the  charge  should 
be  cautiously  rabbled  from  time  to  time.  When  the  charge  ceases  to 
give  out  any  flame,  the  roasting  is  complete,  and  the  charge  is  removed 
by  gradually  withdrawing  it  at  the  bridge.  The  time  required  for  a 
charge  depends  on  the  amount  of  arsenic,  iron  and  sulphur  contained 
in  the  ore.  The  arsenious  oxide  is  removed  periodically  from  the  flues 
and  chambers. 

In  the  muffle  furnaces  at  Reichenstein  in  Silesia,  which  have 
been  described  above,  8  to  10  cwts.  of  arsenical  pyrites,  in  the  form 
of  slimes,  are  roasted  in  a  charge  about  4  inches  deep ;  the  time 
required  is  12  hours,  and  the  coal  consumed  is  7  per  cent,  of  the 
weight  of  the  raw  ore.  The  residue  contains  from  3  to  5  per  cent,  of 
arsenic,  and  is  treated  by  Plattner's  chlorine  process  for  the  recovery 
of  the  gold  which  it  contains.  The  white  arsenic  collected  in  the 
condensers  is  either  sold  as  such,  or  converted  into  arsenic-glass. 

At    St.  Andreasberg  in  the  Harz,  native  arsenic  containing  65 
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per  cent,  arsenic,  4*5  per  cent,  lead,  and  0  5  per  cent,  silver,  was 
formerly  worked  in  the  cast-iron  muffles  already  mentioned.  The 
charges  of  4  to  6  cwts.  required  22  hours  and  the  fuel  (beechwood) 
consumed  was  22  cubic  feet.  The  arsenic  obtained  was  all  converted 
into  vitreous  arsenic.  The  residue  amounted  to  50  to  52  per  cent, 
of  the  weight  of  the  ore,  and  contained  1  to  2  per  cent,  of  silver,  and 
12  to  16  per  cent,  of  arsenic  ;  it  was  treated  to  extract  its  silver. 

At  Ribas  in  Spain  ^  charges  of  20  cwt.  used  to  be  worked  in 
muffle  furnaces.  They  required  24  hours  and  consumed  4  cwts.  of 
coal.  In  a  reverberatory  furnace  with  gas  fuel  3  tons  of  ore  were 
roasted  in  24  hours  with  4  cwts.  of  coke. 

At  Freiberg  -  arsenious  oxide  is  produced  from  ores  containing  lead 
and  comparatively  little  arsenic  (12  per  cent,  or  less);  dust  containing 
arsenic  from  the  flues  of  the  other  roasting  furnaces  is  also  used. 
Gas-fired  furnaces  are  used  as  previously  described,  and  coke  is  used 
as  fuel,  so  as  to  get  a  flame  free  from  soot.  Each  furnace  is  con- 
nected with  a  flue  820  feet  long,  for  condensation.  The  charges  vary 
according  to  the  proportion  of  arsenic  present,  from  12  to  22  cwts., 
and  the  roasting  lasts  5  to  8  hours.  The  residues,  containing  1-5 
to  2  per  cent,  of  lead,  are  used  for  the  extraction  of  that  metal. 
The  arsenious  oxide  of  a  grey  colour,  deposited  in  the  nearer  portions 
of  the  condensing  flue,  is  purified  by  re-sublimation ;  the  other 
portions  are  either  sold  as  white  arsenic  or  converted  into  arsenic 
glass. 

In  Cornwall  and  Devon  8  to  10  tons  of  ore  are  roasted  in  24 
hours,  the  coal  used  being  3  cwts.  per  ton  of  roasted  ore.  The 
furnaces  have  been  described  on  page  482.  Six  men  are  required 
for  each  double  furnace,  working  8-hour  shifts. 

In  the  Brunton  calciner  described  on  page  483,  4  to  5  tons  of  ore 
are  roasted  in  24  hours :  the  tables  make  5  to  10  revolutions  in  the 
hour,  and  the  coal  used  is  li  to  2  cwts.  per  ton  of  raw  ore;  2  men 
working  12  hours  each  are  sufficient  to  work  the  furnace  during 
24  hours. 

In  the  Oxland  furnace  described  on  page  389,  20  to  25  tons  of  ore 
are  roasted  in  24  hours  :  the  ores  contain  15  per  cent,  of  arsenic  and 
require  1  cwt.  of  coal  per  ton  of  ore  roasted :  3  men  and  3  boys 
working  8  hours  each  are  sufficient  for  the  working  of  these  furnaces 
per  24  hours. 

1  Berg,  und  Hiitten.  Ztituny,  1853,  p.  767. 
-  P>:  Zeifschr.,  vol.  xviii.,  p.  189. 
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B.   'The  Refining  of  the  Crude  Arscnioas  Oxide 

In  most  cases  it  is  necessary  to  purify  the  arsenious  acid  from 
foreign  matter  by  resublimation  :  none  but  the  purest  ores  yield  at 
once  marketable  white  arsenic.  The  commoner  impurities  are : — 
grains  of  ore,  volatile  constituents  of  the  ores,  flue  dust  and 
carbonaceous  matter.  Reverberatory  furnaces  with  either  gas  or 
solid  fuel  are  used,  the  former  being  preferable,  as  the  arsenic 
produced  in  them  is  free  from  soot,  ash-dust  or  cinders.  Condensation 
chambers  or  flues  are  attached  to  the  furnaces  to  collect  the  arsenious 
acid. 

At  Freiberg,  where  comparatively  impure  flue-dust  is  worked,  the 
gas-fired  furnace  previously  described  (page  ■i82)  is  used  for  the  pro- 
duction of  white  arsenic.  Charges  of  12  cwt.  are  heated  for  8  hours 
and  yield  85  per  cent,  of  their  arsenic  ;  the  residues  are  worked  up 
for  lead  :  10  to  12  cwts.  of  coke  are  used  every  24  hours. 

In  Cornwall  and  Devon,  where  the  crude  arsenic  contains  about 
70  per  cent,  of  the  oxide,  furnaces  similar  to  those  used  for  roasting 
the  ore,  page  482,  are  used. 

Each  pair  of  furnaces,  having  one  long  side  in  common,  form  one 
double  furnace,  the  length  and  breadth  being 'each  16  feet:  each 
furnace  has  3  working  doors  in  its  long  side  and  the  greatest  height 
of  the  roof  over  the  bed  is  li  feet.  The  fuel  used  consists  of  a 
mixture  of  coke  and  anthracite  in  equal  quantities,  and  the  gases  and 
vapours  leaving  the  furnace  pass  along  a  flue  100  feet  long  into  a 
series  of  12  chambers  arranged  in  a  zig-zag  manner,  each  chamber 
being  7  feet  high,  14  feet  long  and  4  feet  wide,  the  total  length  of 
passage  being  167  feet.  From  the  chambers  the  gases  pass  into  the 
chimney. 

The  foreign  matter  which  accompanies  the  vapour  is  deposited  in 
the  flue  leading  to  the  chambers,  whilst,  in  the  latter,  the  arsenic 
condenses  in  crystals ;  these  are  ground  in  a  mill  like  a  flour  mill  and 
packed  in  wooden  barrels. 

C.  The  Production  of  White  Arsenic  Glass 

White  arsenic  glass  or  vitreous  arsenic  is  prepared  by  collecting 
the  vaporised  arsenic  at  a  temperature  so  high  that  the  sublimate 
fuses  together  into  a  mass. 

There  are  two  methods  of  procedure,  Glasmachcn  and  Grobemachen. 
The  f(jrmer,  Glasmachcn,  is  used  when  it  is  desired  to  change  pure 
arsenious  oxide  into  the  vitreous  form,  the  latter,  Grobemachen,  when 
it  is  desired  to  purify  the  arsenious  oxide  first. 
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The  plant  is  the  same  in  both  cases,  and  consists  of  cast-iron 
retorts  heated  by  an  open  lire  and  attached  to  cylindrical  receivers  of 
wrought  or  cast  iron.  The  retorts  must  be  made  of  cast  iron  as 
free  as  possible  from  graphite ;  otherwise  the  carbon  will  reduce  the 
arsenious  oxide  to  suboxide  of  arsenic,  and  this  will  give  the  subli- 
mate a  grey  colour. 

The  sublimed  oxide  collects  on  the  walls  of  the  receiver ;  at  the 
top  of  the  receiver  is  a  sheet-iron  hood  connected  by  a  sheet-iron 
tube  with  a  condensing  chamber  in  which  any  uncondensed  arsenious 
oxide  collects. 

Figs.   316  and  317  show    the    arrangement  of  the   plant.     B  is 
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Fig.  316. 


the  fireplace,  3  feet  wide,  in  which  is  suspended  the  retort  a,  2  feet 
5  inches  deep,  2  feet  in  diameter  and  capable  of  holding  a  charge  of 
2|  cwt.  of  white  arsenic.  The  wrought-iron  receivers  h,h,  each  in 
three  sections,  rest  on  the  retorts,  and  are  provided  with  handles. 
The  joints  are  luted  with  a  mixture  of  loam,  hair  and  blood.  At  the 
upper  end  of  the  receiver  is  the  leaden  hood  c,  connected  with  the 
chamber  /  through  the  tube  c. 

When  the  Grobemachen  process  is  employed  to  purify  the  arsenious 
oxide  before  its  conversion  into  the  vitreous  foi-m,  it  is  necessary  to 
regulate  the  temj^erature  so  that  there  shall  be  no  sintering  of  the 
charge  in  the  retort ;  otherwise  the  sintered  oxide  would  not 
sublime  over.  When  the  correct  temperature  is  employed  the 
greater  portion  of  the  arsenic  is  obtained  as  a  bulky,  light  sub- 
limate   on    the    walls  of  the  receiver.     The   portions  which   escape 
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through  the  receiver  are  condensed  in  tlie  chamber  beyond.  The 
process  is  known  to  be  ended  when  an  iron  bar,  inserted  through  an 
opening  in  the  hood,  is  no  h>nger  covered  with  a  white  deposit:  the 
opening  is  closed  by  a  tight-fitting  door.  When  this  point  is 
reached,  the  fire  is  allowed  to  die  out,  and  the  sublimate  removed  to 
be  converted  into  vitreous  arsenic  by  the  Glaswachen  or  "  running  " 
process. 

The  residue  in  the  retort  is  returned  to  the  ore-roasting  furnacies. 
If  it  is  desired  to  produce  an  impure  arsenic-glass  direct  from 
an  impure  arsenious  oxide,  the  temperature  must  be  raised  so  high 
that  the  sublimate  in  the  receiver  fuses  together.  The  product 
obtained  in  this  Avay  is  known  as  crude  arsenic-glass.  It  is  of  a 
grey  colour,  on  account  of  the  impurities  in  the  arsenious  oxide 
having  passed  over  with  it,  and  requires  a  further  sublimation  if 
white  vitreous  arsenic  is  to  be  made  from  it.  The  grey  colour  maj" 
be  produced  either  by  metallic  arsenic,  or  by  fine  ore  dust  in  the 
arsenious  oxide  emploj-ed. 

For  the  Glasmachen  or  preparation  of  })ure  vitreous  arsenic,  the 
same  apparatus  is  employed.  The  fire  is  urged  to  such  a  degree 
that  the  walls  of  the  receiver  are  hot  enough  to  fuse  the  sublimed 
arsenious  oxide  to  a  glass.  If  the  temperature  should  be  allowed  to 
get  too  high,  the  amount  of  sublimed  arsenic  which  passes  into  the 
chambers  beyond  the  receiver  is  excessive ;  if  it  should  not  be  high 
enough,  the  sublimate  is  powdery  and  loses  its  translucency.  When 
the  receiver  is  at  the  correct  temperature,  water  hisses  when 
sprinkled  on  the  upper  portion  from  a  bunch  of  twigs,  and  instantly 
evaporates  from  the  lower  portion.  The  end  of  this  process  is  tested 
in  the  way  described  above.  The  charges  are  2|  to  3  cwt.  each,  and 
require  8  to  12  hours.  At  the  end  of  the  process  the  furnace  is 
allowed  to  cool  for  14  to  16  hours,  and  the  vitreous  arsenic  is 
removed  from  the  walls  of  the  receivers,  which  it  covers  as  a  scale  to 
a  depth  of  from  1  to  2  inches. 

The  product  is  the  amorphous  modification  of  arsenious  acid,  and 
when  freshl}-  prepared  is  transparent  and  glistening  with  a  conchoidal 
fracture.  After  long  exposure  to  the  air  it  passes  into  the  crystalline 
form  and  resembles  porcelain,  with  a  waxy  lustre. 

At  St.  Andreasberg  in  the  Oberhartz,^  crude  arsenious  oxide  was 
formerly  worked  in  charges  of  2|  cwt.  into  a  crude  arsenic-glass,  and 
the  latter  converted  in  charges  of  3|  cwt.  into  pure  vitreous  arsenic. 
Each  sublimation  took  8  to  12  hours,  and  yielded  89  per  cent,  of 
vitreous  arsenic  and  7  per  cent,  of  residue,  of  which  40  to  60  per 
'  Kerl,  MetcUlhiUtenkundt,  p.  513. 
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cent,  was  arsenious  oxide.  The  4  per  cent,  of  apparent  lo.ss  was  partly 
actual  loss  and  partly  due  to  the  powdery  arsenic  formed. 

The  consumption  of  wood  fuel  was  12  cubic  feet  per  cwt.  of 
glass  produced. 

At  Ribas,  in  Spain,  charges  of  4  cwt.  of  purified  white  arsenic 
were  worked  in  7  hours;  the  fuel  consumed  was  150  lbs.  wood  and 
74  lbs.  coal  per  charge,  and  the  glass  obtained  was  96  per  cent. 

At  Freiberg  the  charges  consist  of  2|  to  3  cwts.  each.  The  fuel 
consumed  is  2  to  3  cubic  feet  per  charge,  and  the  time  8  to  12  hours : 
87*5  per  cent,  of  glass  is  obtained.  The  retorts  used  are  about  23 
inches  in  diameter  and  about  19  inches  deep.  The  receivers  are  in 
three  sections  of  about  23  inches  diameter  and  a  total  height  of 
about  38  inches.  The  top  of  the  cover  which  closes  the  upper  end 
of  the  receiver  is  5i  inches  in  diameter,  and  is  connected  to  a  tube 
of  the  same  diameter  which  leads  into  the  condensing  chamber.  The 
life  of  a  retort  is  about  150  charges. 

3.  The  Productiox  of  Red  Arsenic  Gla.ss  or  Realgar 

Realgar  (also  known  as  rnh/j  sulphur,  cfrscnruhin,  rauschroth, 
sandarach,  etc.)  is  a  combination  of  arsenic  and  sulphur  which 
approaches  in  composition  to  native  realgar.  In  colour  it  varies 
from  rose  to  hyacinth  red  with  an  orange  yellow  streak.  It  is  manu- 
factured by  subliming  a  mixture  of  mispickel  and  iron  pyrites,  or 
one  of  mispickel  and  sulphur.  Both  methods  yield  the  same  pro- 
duct, the  two  constituents  being  expelled  by  the  heat  and  combining 
in  the  state  of  vapour. 

If  sulphur  and  arsenic  be  merely  fused  together,  compounds  are 
obtained  which  do  not  possess  the  desired  colour ;  neither  does  the 
fusion  of  arsenic  trioxide  with  sulphur  yield  realgar  of  the  desired 
quality. 

It  is  not  essential,  in  order  to  obtain  a  good  product,  that  the 
sulphur  and  arsenic  should  be  employed  in  the  coiTect  molecular 
proportions.  The  best  proportions  for  a  product  of  any  particular 
shade  are  discovered  by  trial. 

The  process  consists  of  two  distinct  parts.  The  sublimation 
yields  a  product  (rohglas)  of  unreliable  composition  which  is  brought 
up  to  the  desired  shade  by  further  fusion  with  sulphur  or  arsenic. 
We  shall  therefore  describe  : — 

A.  The  production  of  .rohglas. 

B.  The  conversion  of  rohglas  into  realgar  or  the  "  refining " 
of  rohglas. 
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A,  The  Production  of  "  llohylas  " 

The  sublimation  is  carried  out  in  a  retort  furnace.  Usually  the- 
niispickel  is  mixed  with  an  equal  weight  of  iron  pyrites.  At 
Freiberg  a  mixture  of  the  desired  composition  results  from  the 
preliminary  mechanical  dressing  of  the  ores,  whilst  at  other  place.s 
it  has  to  be  specially  prepared.. 

The  furnace  used  at  Freiberg  contains  12  retorts  in  3  rows ;  each 
retort  is  4|  feet  long,  about  5  inches  diameter,  and  0'7  inch  thick  irk 
the  walls,  and  each  is  protected  from  contact  with  the  flame  by 
empty  retorts  placed  under  them.  These  latter  are  known  as  pro- 
tcdeitrs.  Each  furnace  has  two  fireplaces.  The  charge  is  introduced 
at  the  rear  of  the  retort,  which  is  afterwards  closed  by  a  tile.  The 
front  end  of  the  retort  opens  into  a  receiver  fitted  to  it.  This  receiver 
is  a  sheet-iron  box  fitted  with  an  opening  for  the  escape  of  the- 
steam  liberated  during  the  process ;  the  progress  of  the  operation, 
can  be  watched  through  it. 

At  Freiberg  the  charge  of  iron  and  arsenical  pyrites  contains  10 
to  15  per  cent,  of  arsenic  and  30  to  35  per  cent,  of  sulphur,  and  a 
small  quantity  of  silver,  which  is  extracted  from  the  residue  after 
sublimation.  A  charge  weighs  about  60  lbs.  and  occupies  only  two- 
thirds  of  the  retort. 

The  retort,  when  charged,  is  heated  to  redness  for  from  8  to  12. 
hours,  after  which  the  residue  is  drawn  out.  The  residues  still 
contain  Oo  per  cent,  of  arsenic  and  23  to  24  per  cent,  of  sulphur,  and 
are,  after  being  roasted,  added  to  a  smelting  charge  for  silver-lead. 
The  receivers,  which  contain  rohglas  in  both  the  compact  and 
pulverulent  form,  are  emptied  after  each  third  charge.  The  massive 
rohglas  is  treated  by  the  refining  process,  while  the  pulverulent  pro- 
duct is  added  to  a  subsequent  charge  to  be  again  sublimed.  Each 
furnace  treats  from  12  to  14  cwts.  of  ore  in  24  hours  with  a  con- 
sumption of  8  to  10  cwts.  of  coal ;  6  furnaces  are  worked  by  each 
gang  of  4  men  working  8-hour  shifts. 

At  Reichenstein  ^  it  was  formerly  the  custom  to  work  charges  of 
5  cwt.  of  arsenical  pyrites  and  87  lbs.  of  crude  sulphur  in  glazed 
earthenware  retorts,  such  as  were  used  for  the  production  of  arsenic ; 
each  charge  was  worked  off  in  G  to  7  hcjurs,  and  the  }deld  was  168 
lbs.  of  rohglas  per  charge. 

At  Ribas  ^  equal  parts  of  mispickcl  and  iron  p}Tites  used  to  be- 
sublimed    in    clay  retorts.     Each    charge  \vas  8    cwts.   and  yielded 

1  Fresenius,  ZtiUrhrift,  1871,  p.  3U8. 

-  Btnj.  und  Hutltii  Ztitumj,  1853,  p.  774. 
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Ih  cwts.  of  rohglas,  the  fuel  used  per  charge  was  2  cwt.  wood  and  'i 
cwt.  coal,  and  the  time  required  was  6  to  7  hours. 

B.   The  "  Refining  "  of  "  R(jhglas  " 

The  first  process  is  usually  conducted  so  as  to  produce  a  rohglas 
Avhich  shall  be  relatively  rich  in  arsenic  and  poor  in  sulphur ;  and 
therefore,  to  bring  it  to  the  right  shade,  sulphur,  as  a  rule,  has  to 
be  added  in  the  second  process.  It  rarely  happens  that  the  opposite 
course  is  resorted  to. 

The  refining  is  carried  out  in  pans  or  pots  of  cast  iron,  provided 
with  a  discharge  pipe  at  the  bottom.  The  rohglas  is  rapidly  fused 
in  these  by  quick  firing,  and  then  stirred.  Impurities  form  a  slag  on 
the  surface,  known  as  refinery  slag,  and  these  are  skimmed  off  and 
the  requisite  quantity  of  sulphur  or  arsenic,  as  the  case  may  be,  is 
stiiTed  in  with  an  iron  bar. 

As  soon  as  the  fused  material  runs  freely  from  the  iron  bar  and 
shows  on  cooling  the  requisite  colour  and  compactness,  the  newly- 
formed  slag  i.s  skimmed  off  and  the  refined  realgar  is  run  into  conical, 
air-tight,  covered  moulds  made  of  sheet  iron.  When  cool,  it  is 
broken  into  pieces  and  at  once  ground  to  fine  powder.  The  slag  is 
used  for  the  production  of  white  arsenic. 

At  Freiberg,  the  pans  used  are  16 J  inches  in  diameter  and  23 
inches  deep,  and  the  charge  consists  of  8  cwt.  of  rohglas  and  40  to 
60  lbs.  of  sulphur.  The  process  occupies  1  to  2  hours,  and  the  pro- 
duct contains  75  per  cent,  arsenic  and  25  per  cent,  of  sulphur. 
Chilian  mills  are  used  for  grinding. 

At  Reichenstein,^  the  charge  used  to  be  4  cwt.  of  rohglas  with  30 
per  cent,  of  sulphur,  which  produced  479  lbs.  of  realgar. 

At  Ribas,^  charges  of  4  cwt.  rohglas  were  refined  in  iron  pans 
in  2  hours  each,  by  the  addition  of  45  to  56  lbs.  of  sulphur. 

4.  The  Productiox  of  Orpiment 

This  pigment,  also  known  as  rauschgclh  and  auripigment  (cor- 
rupted into  orpiment),  consists  of  arsenious  oxide  coloured  yellow  by 
arsenic  sulphide.  It  is  really  not  the  same  in  composition  as  the 
mineral  known  by  the  same  name  (AsgSg). 

It  is  manufactured  by  subliming  together  arsenious  oxide  and 
sulphur,  the  proportion  of  the  latter  being  determined  by  the  shade 
required.     The  apparatus  employed  is  that  described  above  for  the 

'  Fresenius,  loc.  cit.  -  Loc.  rif. 
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production  of  vitreous  arsenic,  the  temperature  of  working  being 
high  enough  to  keep  the  sublimed  orpiment  liquid  till  the  apparatus 
cools. 

At  Freiberg  the  process  is  as  follows : — 4"5  to  9  lbs.  of  sulphur 
are  placed  in  the  bottom  of  the  retort,  and  280  lbs.  of  white  arsenic 
are  placed  on  top  of  it ;  the  mass  is  heated  till  an  iron  wire  plunged  in 
the  melt  is  no  longer  coated  when  drawn  out.  During  the  process 
a  portion  of  the  arsenious  oxide  is  reduced  to  arsenic  by  part  of  the 
sulphur  present,  sulphur  dioxide  being  liberated.  The  reduced 
arsenic  and  the  rest  of  the  sulphur  combine  to  form  sulphide  of 
arsenic,  which  is  always  contaminated  with  small  quantities  of  free 
sulphur.  The  lowest  receiver  contains  adhering  to  the  walls,  a  fused 
mass  of  orpiment,  varying  in  colour  from  citron  yellow  to  orange  red  ; 
the  other  receivers  contain  an  irregular  streaky  product,  which  must 
be  fused.  A  certain  quantity  of  powdery  product  is  also  obtained 
which  is  added  to  subsequent  charges  for  resublimation. 

The  charge  of  the  above  composition  will  yield  seven-eighths  of 
its  total  weight  of  orpiment  in  the  solid  or  pulverulent  form. 

At  Reichenstein,  white  arsenic  with  the  addition  of  5  per  cent,  of 
its  weight  of  sulphur  was  formerly  used  for  the  preparation  of  orpi- 
ment. 

Buchner  ^  gives  the  following  proportions  of  sulphur  in  different 
varieties  of  orpiment : — 

%S  corresponding  to  %As2»S3 

1.  Very  transparent,  streaky 2  "5  6 '4 

2.  Twice  refined,  deep  colour    ...'..       I'Oo  2*68 

3.  Moderately  strongly  coloured      ...       1  '34  3 '43 

All  these  samples  contained  part  of  the  sulphur  uncombined,  a 
small  residue  being  left  on  treatment  with  ammonia. 

When  sulphuric  acid  which  contains  arsenic  is  purified  by  treat- 
ment with  sulphuretted  hydrogen,  a  sulphide  of  arsenic  is  obtained 
which  corresponds  in  composition  to  the  mineral  orpiment :  this 
method  however  is  not  well  suited  for  the  production  of  the  pig- 
ment. When  this  precipitate  was  washed  and  heated  in  an  iron 
retort  in  an  atmosphere  of  coal  gas  the  sublimate  was  an  unsightly, 
dark-coloured  glass  which  contained  organic  matter.  At  Freiberg  it 
is  iisual  to  work  this  product  (from  the  purification  of  oil  of  vitriol 
by  sulphuretted  hydrogen)  after  drying  it,  by  burning  it  in  the  kilns- 
for  the  production  of  sulphur  dioxide  for  sulphuric  acid  manufacture,, 
the  arsenic  being  obtained  as  arsenious  acid. 

'  Ber(j.  xuul  Hutfen-Zeitumj,  1871,  p.  245. 
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II.  The  Extraction  of  Arsenical  Products  from  the  Residues 
FROM  the  Manufacture  of  Coal-Tar  Colours. 

For  this  purpose  a  large  number  of  methods  have  been  proposed. 
The  arsenic  is  principally  in  the  form  of  arsenite  or  arseniate  of  lime, 
and  the  products  aimed  at  are  usually  the  two  free  acids.  Most  of  the 
proposals  depend  on  reducing  the  arsenic  comj^ound  to  the  metallic 
state  at  a  red  heat  by  organic  matter  and  burning  the  metallic 
vapour  in  air  to  form  arsenious  acid. 

Winkler's  Method} — The  mother  liquors  from  the  magenta 
crystals  are  treated  with  soda  in  excess,  in  order  to  form  arseniate  of 
soda.  The  liquid  is  then  evaporated  in  pans  till  crystals  appear  on 
its  surface,  after  which  it  is  mixed  in  boxes  with  powdered  lime- 
stone and  coal  dust,  and  well  stirred  to  forai  a  solid  mass :  for 
every  100  lbs.  of  sodium  arseniate  in  the  liquid,  30  lbs.  of  limestone 
and  25  lbs.  of  coal  are  added.  In  the  next  process  the  limestone 
and  coal  together  decompose  the  sodium  arseniate ;  it  is  said  that 
coal  alone  would  not  effect  it.  The  mixture  is  next  heated  in  a 
muffle  with  a  double  bottom.  On  the  upper  bed  the  water  is 
driven  off,  and  the  dry  mixture,  when  put  on  the  lower  one  and  heated 
to  a  red  heat,  gives  off  arsenic  vapour,  while  sodium  carbonate  and 
lime  remain  behind.  The  arsenic  vapour  passes  into  condensing 
chambers  where,  meeting  a  current  of  air,  it  burns  to  arsenious  oxide 
and  is  deposited.  The  sodium  carbonate  is  extracted  fi-om  the 
residue  by  solution  and  used  again  for  the  preliminary  saturation : 
the  lime  also  can  be  used  again. ' 

Rando  &  Co.'s^  and  Tambourin  &  Lemaires  MetJiods. — The  aniline 
residues  are  washed,  dried  and  heated  to  redness  with  coke,  the 
reduced  arsenic  which  is  liberated  in  the  state  of  vapour  is  burned, 
and  the  arsenious  oxide  collected  in  chambers. 

Bolley's  Method. — The  residues  are  heated  with  hydrochloric  acid 
or  Avith  salt  and  sulphuric  acid.  Arsenious  chloride  is  given  off  and 
collected  in  water,  when  the  greater  part  of  the  arsenic  is  precipitated 
as  arsenious  acid. 

Stop'ps  Method. — The  residues  are  digested  with  hydrochloric 
acid  in  order  to  dissolve  all  the  arsenic,  the  solution  is  then  saturated 
with  soda,  and  the  arsenic  is  precipitated  by  adding  lime.  The  pre- 
cipitate is  treated  with  sulphuric  and  nitric  acids  which  convert  the 
lime  into  insoluble  gypsum,  while  the  arsenic  as  arsenic  acid 
remains  in  solution. 

The  author  is  not  in  a  position  to  state   how   far  any   of  these 

methods  are  in  actual  practice. 

1  Deutsche  Industrie- Zeitumj,  1876,  p.  33.3,  and  Vtrh.  d.  Vereins  znr  Bejordtnnig 
des  Gewerhfl.,  1876,  part  3,  p.  211. 
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Physical  Properties 

Nickel  possesses  an  almost  silvery  white  lustre  with  a  steel- 
grey  tinge,  and  great  brilliancy. 

The  specific  gravity  of  cast  nickel  is  8'35  ;  of  rolled  nickel  between 
8-6  and  8-9. 

With  great  hardness  and  capacity  for  taking  polish  it  combines 
great  malleability  ;  it  can  be  easily  hammered,  rolled,  or  drawn  into 
wire.  Sheets  0*0008  inch  thick  and  wire  0*0004  inch  in  diameter 
ma}'  be  made  fi'om  it. 

The  tensile  strength  of  nickel  surpasses  that  of  iron.  According 
to  Deville,  a  wire  made  from  nickel  containing  0"8  per  cent,  silicon  and 
O'l  per  cent,  copper  bears  a  strain  of  200  lbs.,  whereas  a  similar  wire 
of  iron  breaks  under  133  lbs.  Kollmann  examined  a  specimen  of 
nickel  from  the  manufectory  of  Fleitinann  in  Iserlohn,  containing  ^\ 
per  cent,  magnesium,  and  found  that  its  absolute  tensile  strength  and 
extensibility  were  equal  to  that  of  Bessemer  steel  of  medium  hard- 
ness. The  breaking  strain  is  87,110  lbs.  per  square  inch,  with  an 
elongation  of  15  to  21  per  cent.,  and  the  elastic  limit  is  .55,170  lbs. 
per  square  inch. 

Nickel  is  attracted  by  a  magnet,  and  then  becomes  magnetic 
itself:  it  loses  this  j)roperty   at  350"  C. 

Nickel  can  not  only  be  welded  to  itself  at  a  white  heat,  but  it 
can  also  be  welded  to  iron  and  certain  allo3's.  Fleitmann  is  the 
inventor  of  the  method  of  manufacturing  nickel-plated  wares  by  an 
application  of  this  property.  He  welds  iron  and  steel  to  pure 
nickel  or  to  a  nickel-iron  alloy,  and  also  welds  nickel  to  alloys  of 
copper  and  nickel.  The  method  adopted  is  either  hammering  or 
rolling.  For  such  welding  to  be  successful,  the  necessary  condition 
is  the  complete  exclusion  of  air  from  the  surfaces  to  be  welded,  which 
Fleitmann  attains  by  various  methods. 

The  coefficient  of  expansion  of  nickel  between  0"  and  100"  C. 
is  0-001286  according  to  Fizeau  ;  its  specific  heat  is  0-1108. 
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Nickel  is  difficultly  fusible.  According  to  older  experiments  it 
melts  at  about  1600"  C. ;  the  newer  work  of  Schertel  gives  it  between 
1392°  C.  and  1420"  C.  According  to  Knut  Styffe  ^  its  melting 
point  is  about  1450"  C.  It  is  more  readily  fusible  if  it  contains 
carbon. 

Molten  nickel  has  the  property  of  absorbing  carbon  monoxide 
and  giving  it  out  again  on  cooling.  The  alloys  of  nickel  with  copper 
also  possess  this  property  in  a  degree  which  increases  directly  with 
the  percentage  of  nickel,  and  the  temperature  of  the  fused  metal. 
Further,  if  certain  substances  (carbon  and  various  oxides)  are  present 
in  molten  nickel,  carbon  monoxide  is  generated  by  action  between 
them  at  certain  temperatures.  The  occluded  gas  makes  the  nickel 
porous,  and  unsuitable  for  hammering  and  rolling.  In  order  to  ob- 
tain nickel  free  from  blowholes,  it  is  necessary  to  observe  special 
precautions,  to  be  described  in  the  proper  place. 

Commercial  nickel  is  exceedingly  impure,  being  contaminated  by 
substances  of  which  even  traces  affect  its  valuable  properties.  The 
most  harmful  impurities  are  arsenic,  sulphur,  oxide  of  nickel  and 
■chlorine. 

0"1  per  cent,  of  arsenic  makes  nickel  brittle,  and  incapable  of 
being  rolled. 

0"1  per  cent,  of  sulphur  renders  nickel  unsuitable  for  rolling.  It 
appears,  from  the  results  of  experiments  at  the  Berndorf  Nickel 
Works  at  Vienna,  that  the  same  proportion  of  sulphur  in  alloys  like 
■German  silver,  is  harmless. 

Iron  in  German  silver  lessens  its  extensibility  and  destroys  this 
property  altogether  when  the  proportion  of  iron  in  the  nickel  used 
.amounts  to  1  per  cent. 

Nickel  alloys  containing  much  iron  are  especially  remarkable  for 
tenacity  and  strength,  as  was  discovered  in  1890.  Nickel  has  the 
power  of  increasing  the  strength  and  elastic  limit  of  iron.  These 
alloys  are  used  for  armour  plates  and  artillery.  The  proportion  of 
nickel  in  them  is  from  3  to  27  per  cent.  The  amount  of  carbon 
is  about  0'06  per  cent. ;  the  amount  in  the  alloys  used  in  making 
nickel  steel  0*4  per  cent. 

Copper  gives  to  nickel  a  yellow  or  brownish-red  hue,  but  exerts  no 
injurious  influence  on  its  properties  as  long  as  its  proportion  is  less 
than  Ih  times  that  of  the  nickel. 

Cobalt  increases  the  whiteness  of  nickel,  and,  up  to  a  proportion 
-of  6  per  cent.,  has  no  influence  on  its  tensile  strength.  A  greater 
proportion  is  said  to  make  the  nickel  brittle. 

1  Oesterr.  Zeitschr.  1894,  p.  340. 
VOL.  II.  K    K 
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Carbon  is  dissolved  by  molten  nickel,  and  seems  not  to  affect  its- 
good  qualities,  as  long  as  oxides  are  not  present  at  the  same  time. 
It  makes  nickel  slightly  more  fusible,  but  also  brittle  under  certain 
conditions.  According  to  Jungk  ^  the  separation  of  carbon  in  the 
form  of  graphite  from  molten  nickel  takes  place  readily  if  the 
nickel  contains  a  large  proportion  of  cobalt.  Carbon  may  be  separ- 
ated from  nickel  by  silicon  in  the  same  way  as  it  is  separated  from 
iron.  According  to  Gard,  commercial  nickel  may  contain  the  greater 
part  of  its  carbon  in  the  separated  form  of  gi'aphitic  scales,  A  sample 
of  nickel  produced  by  him,  with  2-1  per  cent,  carbon  (of  which  2-03 
per  cent,  existed  as  graphite)  proved  to  be  strongly  magnetic,  soft,, 
and  tolerably  ductile.  By  passing  marsh-gas  over  nickel  he  increased 
the  proportion  of  carbon  to  12  per  cent.,  and  this  carbon  seemed  to 
be  in  chemical  combination.  Boussingault  obtained,  at  a  high 
temperature  in  a  cementation  furnace,  a  specimen  of  nickel,  which 
held  the  same  proportion  of  carbon  as  very  hard  steel,  but  all  the 
essential  properties  of  the  original  metal  were  retained.  It  therefore 
appears  that  nickel,  unlike  iron,  is  not  hardened  by  the  increase  of  its 
carbon.  Nevertheless  alloys  of  iron  which  are  rich  in  nickel  can  be 
made  harder  by  increasing  their  proportion  of  carbon  (nickel-steel). 
According  to  Fleitmann  nickel  absorbs  cyanogen,  which  makes  it 
short. 

According  to  Ledebur  nickel  absorbs  its  own  monoxide,  and  this 
injures  its  tenacity  and  malleabilitj^  as  cuprous  oxide  does  that  of 
copper.  He  also  states  that  the  percentage  of  oxygen  (existing  as 
monoxide)  in  brittle  non-ductile  cast  nickel  is  0'304  ;  while  in  ductile 
nickel  it  is  0"084,  and  in  cast  German  silver  0'061. 

Ledebur  also  states  that  when  nickel  monoxide  and  carbon  are 
both  present  in  the  metal,  carbon  monoxide  is  produced  on  fusion,, 
and  renders  the  castings  unsound. 

Nickel  takes  up  silicon  as  iron  does,  when  it  is  reduced  from  the 
oxide  by  carbon  at  a  very  high  temperature  in  the  presence  of  silica. 
Gard  found  in  such  nickel  about  9  5  per  cent,  carbon,  and  6"19  per 
cent,  silicon.  Nickel  containing  silicon  has  the  physical  properties  of 
grey  cast-iron. 

Phosphorus,  in  the  proportion  of  less  than  0*3  per  cent.,  exerts  no 
injurious  influence  on  the  qualities  of  the  metal.  Above  this  pro- 
portion it  makes  it  harder,  and  decreases  its  malleability. 

Chlorine  may  be  present  to  the  extent  of  0*18  per  cent,  in  nickel 
separated  in  the  wet  way,  and  makes  the  German  silver,  for  which, 
this  metal  is  used,  unfit  for  rolling. 

1  Dingier,  vol.  222,  p.  94 ;  vol.  236,  p.  480. 
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Chemical  Properties 


Nickel  is  pyrophoric  when  reduced  from  its  oxide  by  hydrogen 
at  a  comparatively  low  temperature.  When  prepared  in  other  ways 
it  is  unaltered  in  either  dry  or  moist  air  at  the  ordinary  temperature. 
The  quantity  of  carbon  dioxide  present  exerts  no  influence.  Heated 
in  the  air,  it  first  assumes  rainbow  colours  like  steel  does,  and  becomes 
covered,  at  a  red  heat,  with  a  greenish  grey  deposit  of  nickel  mon- 
oxide, which  is  changed  by  strong  heating  into  dull-green  nickelo- 
nickelic  oxide  (hammer  scale).  In  oxygen  it  burns  as  iron  does, 
forming  the  monoxide. 

Nickel  at  a  red  heat  decomposes  steam  very  slowly,  as  the  metal' 
becomes  covered  with  olive-green  crystals  of  the  monoxide.' 

It  is  only  very  little  acted  on  by  hydrochloric  or  sulphuric  acids, 
in  the  cold.  Dilute  nitric  acid  and  aqua  regia  dissolve  it  readily ; 
concentrated  nitric  acid  makes  it  "  passive  "  like  iron.  This  is  sup- 
posed to  be  due  to  the  formation  of  a  coat  of  nickelo-nickelic  oxide. 
Fused  alkalis  attack  nickel  but  slightly ;  it  is  therefore  used  in 
laboratories  for  crucibles. 

Chemical  Reactions  of  Nickel  Compounds  which  are 
OF  Importance  in  its  Metallurgy 

Oxides 

There  are  two  oxides  of  nickel,  and  each  forms  a  corresponding 
hydrate. 

Nickelous  Oxide,  NiO, 

or  nickel  monoxide,  has  a  green  colour.  It  is  formed  when  nickel  is 
heated  in  oxygen,  in  air,  or  in  steam,  as  well  as  when  nickel  sulphide 
or  arsenide  is  roasted  ;  also  by  heating  nickelous  hydrate  or  sulphate. 

At  a  strong  red  heat  this  oxide  is  reduced  to  metal  by  carbon  or 
by  carbon  monoxide,  the  metal  not  melting.  At  the  temperature  of 
230°  C,  the  powdered  oxide  is  reduced  to  metal  by  hydrogen ;  and  as 
before  said,  metal  thus  prepared  is  pyrophoric.  In  mixtures  of 
nickelous  and  ferrous  oxide,  the  nickel  is  first  reduced  by  coal  or 
carbon  monoxide. 

With  silica  this  oxide  combines  to  form  silicates. 

Whereas  when  cuprous  oxide  and  copper  sulphide  are  heated 
together  in  proper  proportion,  the  whole  of  the  metal  is  separated  and 
sulphur  dioxide  evolved,  the  heating  of  nickelous  oxide  with  nickel 
sulphide  produces  no  reaction. 

K    K    2 
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If  this  oxide  is  heated  with  iron  sulphide  or  arsenide,  we  get 
ferrous  oxide  and  nickel  sulphide  or  arsenide.  In  presence  of  silica 
the  iron  oxide  will  form  a  silicate. 

Nickelous  oxide  and  copper  sulphide  do  not  react. 

It  dissolves  in  acids,  forming  nickelous  salts. 

Nickelmis  Hijdnde,  Ni(OH).,, 

is  precipitated  from  solutions  of  nickel  salts,  by  hydrates  of  the 
alkalis  and  alkaline  earths.  It  is  a  bright  green  powder,  converted 
by  heating  into  the  monoxide  ;  all  the  nickel  salts  are  derived  from 
the  monoxide. 

Nichelic  Oxide,  NigOg, 

or  nickel  sesquioxide,  is  black.  It  is  obtained  by  gently  heating 
nickelous  carbonate  or  nitrate.  Like  the  monoxide,  it  can  be  re- 
duced to  metal ;  and  again  like  it,  it  does  not  react  with  the 
sulphide.     No  salts  corresponding  to  it  are  known. 

It  dissolves  in  sulphuric  and  nitric  acids,  forming  nickelous  salts, 
and  setting  free  oxygen ;  in  hydrochloric  acid  it  forms  nickelous 
chloride  and  sets  chlorine  free ;  it  also  dissolves  in  ammonia  with 
the  separation  of  nitrogen. 

The  hydrate  of  this  oxide  is  obtained  by  treating  nickelous 
hydrate,  suspended  in  water,  with  chlorine. 

Nickel  Moxosulphide 

is  found  native  as  millerite  or  nickel  py?"tYcs  {hair-pyrites).  It  is 
obtained  as  a  brittle  bronze-yellow  mass  by  heating  nickel  with 
sulphur ;  or  as  a  powder,  mixed  with  metallic  nickel,  by  heating 
the  sulphate  strongly  with  coal,  carbon  monoxide  or  hydrogen. 

The  hydrated  sulphide  can  be  obtained  as  a  brownish-black  pre- 
■cipitate  by  the  action  of  alkaline  sulphides  on  nickel  salts.  This  is 
•difficultly  soluble  in  dilute  hydrochloric  acid.  Small  quantities  dis- 
solve in  excess  of  the  alkaline  sulphide,  imparting  to  it  a  brown 
colour. 

Nickel  sulphide  is  decomposed  by  copper,  with  the  separation  of 
metallic  nickel,  according  to  the  following  equations : — 

NiS-|-2Cu  =  Cu,S-fNi 

2NiS  -H  2Cu  =  CuoS  +  NiS  4-  Ni. 

When  the  sulphide  is  roasted,  part  of  the  sulphur  passes  off  as 
dioxide,  and  the  nickel  is  oxidised.     A  portion  of  the  suli)hur  dioxide 


NICKEL  501 

formed  produces  sulphuric  acid,  and  forms  nickel  sulphate.  Strong- 
heating  changes  this  Lost  into  nickelous  oxide  and  sulphur  trioxide 
(or  sulphur  dioxide  and  oxygen).  By  sufficiently  long  continued 
roasting  at  the  proper  temperature,  nickelous  oxide  alone  may  be  ob- 
tained ;  otherwise  there  will  be  a  mixture  of  the  oxide,  the  sulphate 
and  unaltered  sulphide. 

If  compounds,  or  mixtures,  of  nickel  and  iron  sulphides  are 
carefully  roasted,  a  mixture  of  nickel  monoxide  and  ferric  oxide  is 
obtained.  As  sulphate  of  nickel  is  a  very  stable  compound,  the  roast- 
ing can  be  so  conducted,  if  a  sufficient  quantity  of  sulphur  be  present^ 
that  the  greater  part  of  the  nickel  is  obtained  as  sulphate,  and 
the  iron  as  ferric  oxide.  If  the  roasting  is  interrupted  before  all  the 
sulphur  is  removed,  a  mixture  of  oxides,  sulphates  and  sulphides  of 
nickel  and  iron  will  remain. 

By  roasting  nickel  and  copper  sulphides  in  the  same  way,  it  is 
possible  to  get  nickel  monoxide  and  cupric  oxide ;  or  a  mixture  of 
oxides  and  sulphates  as  above  mentioned.  Again,  as  nickel  sulphate 
is  stable  at  a  higher  temperature  than  copper  sulphate  is,  it  is 
possible,  with  a  sufficient  proportion  of  sulphur  in  the  ore,  to  con- 
duct the  roasting  so  that  nickel  remains  chiefly  as  sulphate,  and  the 
copper  as  oxide. 

If  the  three  sulphides  are  used  together,  the  same  is  true. 
Nickel  may  be  obtained  as  sulphate,  instead  of  as  monoxide,  while 
the  other  two  metals  appear  as  ferric  and  cupric  oxides. 

If  a  mixture  of  the  oxides  and  sulphides  of  iron  and  nickel  is; 
heated  with  coal  and  silica,  nickel  sulphide  and  ferrous  silicate  are 
formed,  if  the  proper  proportion  of  sulphur  is  present ;  but  if  there 
is  more  sulphur  present  than  can  combine  with  the  nickel,  a  mixture 
of  ferrous  and  nickel  sulphides  is  produced  :  this  is  known  as  nickel 
matte.  :     •'•    ■ 

Similarly,  if  the  mixture  contains  oxides  and  sulphides  of  the 
three  metals,  iron,  copper  and  nickel,  and  if  the  correct  proportion, 
of  sulphur  be  present,  it  is  possible  to  regulate  the  fusion  so  that 
sulphides  of  nickel  and  copper,  and  ferrous  silicate  shall  be  obtained ;_ 
if,  however,  there  is  too  much  sulphur  present  to  produce  that 
result,  a  nickel-copper  matte  is  produced,  which  will  contain  the 
sulphides  of  all  three  metals. 

If  a  stream  of  air  under  pressure  is  passed  through  molten  nickel 
matte  containing  silica,  the  iron  combines  with  the  latter,  and  sul- 
phur dioxide  is  liberated,  while  the  nickel  sulphide  is  not  affected. 

If  a  current  of  air  be  passed  through  the  remaining  nickel 
sulphide,  the  nickel  will  be  oxidised,  and,  in  the   presence  of  silica. 
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will  form  a  slag.  Nickel,  therefore,  cannot  be  reduced  from  its  sul- 
phide by  the  use  of  a  blast,  in  the  same  way  as  copper  is  separated 
by  "  Bessemerizing  "  copper  matte. 

The  compound  present  in  nickel-matte  is  always  NiS.  Nickelous 
sulphide  NigS  does  not  exist.  If  the  sulphur  in  a  sample  of  nickel- 
matte  is  not  sufficient  for  the  formation  of  monosulphide,  the  excess 
of  nickel  will  be  in  the  metallic  state.  Molten  nickel  sulphide  has 
the  power  of  dissolving  metallic  nickel,  which  separates  on  cooling. 

There  is  no  action  between  nickel  sulphide  and  the  oxides  when 
heated  together.  So  it  is  impossible  to  extract  nickel  by  a  process 
similar  to  that  for  copper. 

Further,  the  sulphide  does  not  react  with  the  oxides  of  iron. 

According  to  Schweder  ^  the  sulphide  and  cupric  oxide  react  as 
shown  by  the  following  equations  : — 

4CuO  +  4NiS  =  2CU2S  -I-  (NiS  +  Ni)  +  2NiO  +  SO^. 

4CuO  +  2NiS  =  CugS  +  2Cu  -1-  2NiO  +  SO.,. 

4CuO  +  (2NiS  +  2Ni)  =  CugS  +  2CuNi  +  2NiO  +  SO^. 

Nickel  sulphide  at  a  red  heat  is  slowly  and  incompletely  oxidised 
by  steam. 

Carbon  and  hydrogen  decompose  the  heated  sulphide  very  slowly, 
forming  carbon  bisulphide  and  sulphuretted  hydrogen  respectively. 
Carbon  monoxide  has  no  appreciable  effect. 

When  the  sulphide  is  melted  with  an  acid  iron  silicate,  a  very 
small  quantity  of  nickel  passes  into  the  slag.- 

If  cobalt  sulphide  is  present  a  considerably  greater  quantity 
thereof  passes  into  the  slag. 

If  compounds  or  mixtures  of  iron,  copper  and  nickel  sulphides 
are  melted  with  sodium  sulphate  and  carbon,  or  with  sodium  sul- 
phide, the  iron  and  copper  sulphides  make,  with  the  sodium  sulphide, 
a  matte  in  which  there  is  only  a  small  proportion  of  nickel  sulphide ; 
by  far  the  greater  portion  of  this  last  passes  into  a  nickel  matte  with 
only  a  small  quantity  of  the  other  two  sulphides.  The  former  matte 
is  more  easily  fusible,  and  less  dense  than  the  nickel  matte,  and  col- 
lects above  it,  so  that  the  two  kinds  can  be  easily  separated.  Repeat- 
ing the  treatment  in  the  same  way  on  this  nickel  matte,  iron  and 
copper  can  be  almost  completely  removed,  and  finally  nickel  sulphide 
obtained  alone. 

If  any  mixture  of  the  three  sulphides  is  roasted  with  common 

^  Berg,  nnd  //.  Zty.,  1878,  p   377  ;  1879,  p.  17. 

*  Badoureau,  Aim.   den  Mines,  1877,  p.  237.     Bery.  und  H.  ZUj.,   1878,  pp.    185, 
205,  228,  244—259. 
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.>ialt,  the  copper  is  converted  into  chloride,  and  the  iron  and  nickel 
tire  oxidised.  This  chloride  can  be  removed  from  the  mixture  of 
oxides  by  lixiviation..  cupric  chloride  by  water,  cuprous  chloride  by 
-alkaline  chlorides,  or  weak  hydrochloric  acid. 

Nickel  and  Arsenic 

Nickel  has  a  great  affinity  for  arsenic,  and  combines  with  it  in 
very  different  proportions.  The  compounds  are  known  as  nickel 
:speiss. 

If  nickel  arsenide  is  roasted,  the  arsenic  forms  arsenious  oxide, 
the  nickel  sesquioxide.  Part  of  the  arsenious  oxide  escapes  un- 
altered, part  is  further  oxidised  to  arsenic  oxide  (As^O^)  and  this 
combines  with  nickelous  oxide  to  form  an  arseniate.  Nickel 
arseniate  is  not  decomposed  when  heated  alone,  so  the  result  of  the 
roasting  is  basic  nickel  arseniate. 

This  arseniate  is  reduced  by  carbon  to  a  nickel  arsenide  which 
•contains  less  arsenic  than  the  one  originally  roasted.  Such  a  re- 
duction takes  place,  to  a  certain  extent,  during  the  oxidising  roast- 
ing, by  mixing  the  charge  with  powdered  coal  or  carbonaceous 
substances  (sawdust  or  pine-needles).  By  repeating  the  roasting  a 
further  proportion  of  arsenic  is  expelled,  and  by  melting  the  product 
in  a  reducing  flame  a  nickel  arsenide  containing  less  arsenic  is  again 
obtained.  By  a  repetition  of  roasting  and  smelting  under  proper 
conditions  it  is  possible  to  reduce  the  arsenic  in  nickel  to  a  very 
.small  proportion.  The  last  portions  may  be  removed  by  melting  the 
•compound  with  saltpetre  and  soda.  The  arsenic  is  thereby  converted 
into  sodium  arseniate,  which  can  be  separated  from  the  nickel 
monoxide  by  lixiviation. 

Nickel  speiss  frequently  contains  iron,  cobalt  and  copper.  When 
this  is  roasted,  a  mixture  of  oxides,  arseniates  and  undecomposed 
■arsenides  of  these  metals  is  obtained. 

By  stirring  carbonaceous  matter  into  the  charge,  iron  arseniate  is 
chiefly  converted  into  ferric  oxide,  while  the  arsenic  oxide  is  converted 
into  arsenious  oxide  and  arsenic  suboxide,  with  the  formation  of 
carbon  dioxide. 

If  sulphides  are  mixed  or  combined  with  these  arsenides,  sul- 
phates are  formed  by  roasting. 

In  addition  to  sulphates  so  formed,  the  arsenides  themselves  may 
be  converted  into  sulphates  by  the  vapours  of  sulphuric  acid  formed 
in  the  roasting. 

Of  the  three  metals,  nickel,  cobalt  and  iron,  nickel  has  the  greatest 
:affinity  for  arsenic,  then  cobalt,  lastly  iron. 
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If  a  mixture  of  oxides,  arsenides  and  arseniates  of  iron  and  nickel,, 
■which  contains  sufficient  arsenic  to  form  Ni^As  with  the  nickel  pres- 
ent, is  heated  with  coal  and  silica,  the  whole  of  the  nickel  will  be 
converted  into  arsenide,  and  the  iron  into  ferrous  silicate.  More  than 
that  proportion  of  arsenic  will  cause  the  formation  of  a  nickel  speiss 
containing  iron  arsenide. 

Similarly  if  mixtures  of  oxides,  arsenides  and  arseniates  of  nickel, 
cobalt  and  iron,  which  contain  sufficient  arsenic  to  form  Ni.^As  and 
CogAs,  are  heated  with  coal  and  silica,  the  nickel  and  cobalt  will  form 
arsenides  and  the  iron  will  be  slagged  as  ferrous  silicate.  If  less 
than  that  amount  of  arsenic  is  present,  some  cobalt  passes  into  the 
slag  and  carries  with  it  a  minute  quantity  of  nickel,  while  more  than 
that  quantity  of  arsenic  leads  to  the  formation  of  cobalt-nickel  speiss- 
which  contains  iron  arsenide. 

Copper,  in  presence  of  coal  and  silica,  will,  if  sufficient  arsenic  be 
present,  pass  into  the  speiss  more  readily  than  iron;  if  the  arsenic  is 
not  sufficient  for  this,  the  copper  is  either  separated  in  the  metallic 
state  or  passes  into  the  slag  as  cuprous  silicate. 

If  sulphur  is  present  as  well  as  copper  in  the  mixture  of  oxides,, 
arsenides  and  arseniates,  the  copper  combines  with  the  sulphur  even 
when  there  is  quite  enough  arsenic  for  its  arsenide  to  be  formed.  If 
copper  and  sulphur  are  in  greater  proportions  the  sulphur  compound 
forms  a  separate  matte. 

If  nickelous  and  cobaltous  oxides  and  cupric  oxide  are  fused  with 
silica  and  iron  arsenide,  containing  sufficient  arsenic,  a  nickel-cobalt- 
copper  speiss  is  produced,  while  the  iron  forms  a  ferrous  silicate. 

According  to  Badoureau,^  when  nickelous  and  cobaltous  oxides, 
are  fused  with  arsenic  or  arsenical  pyrites,  almost  the  whole  of  the 
nickel  and  only  part  of  the  cobalt  pass  into  the  speiss. 

If  a  nickel-iron  speiss  is  fused,  and  air  passed  over  it,  the  iron 
is  oxidised  first  and  converted  into  slag  by  the  addition  of  silica. 
The  nickel  is  oxidised  onl}^  after  the  removal  of  the  iron.  The 
process  can  be  so  conducted  that  only  the  iron  is  removed,  the  nickel 
being  left  as  arsenide.  If  cobalt  is  present  in  this  speiss,  it  is 
oxidised  and  passes  into  slag  after  iron,  but  before  nickel.  The 
appearance  of  cobalt  in  the  slag  is  detected  by  its  blue  colour.  There- 
fore if  it  is  desired  to  keep  the  cobalt  in  the  speiss,  the  process 
of  oxidation  must  be  stopped  as  soon  as  the  blue  colour  appears  in 
the  slag.  As  a  certain  quantity  of  nickel  goes  with  the  cobalt,  the 
blue  coloration  shows  also  the  presence  of  some  nickel  in  the  slag. 

If  heavy  spar,  instead  of  quartz,  is  added  during  this  fusion,  the 

^  Loc.  cit. 
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iron  may  be  completely  separated,  for  heavy  spar  and  iron  arsenide 
react,  f(jrming  iron  arseniate  and  barium  sulphide,  both  of  which  are 
taken  into  the  slag.  Any  copper  present  is  converted  into  sulphide 
by  the  barium  sulphide,  and  separates  as  a  matte  if  in  considerable 
quantity. 

Nickel  Sulphate 

Nickel  sulphate  (NiSO^  +  TH.^O)  is  soluble  in  water.  At  a  high 
temperature  it  is  decomposed  into  nickel  monoxide  and  sulphur 
trioxide,  or,  rather,  sulphur  dioxide  and  oxygen.  It  is  more  stable 
when  heated  than  the  sulphates  of  iron  and  copper.  A  mixture  of  all 
three  sulphates  can  be  heated  so  that  the  iron  and  copper  compounds 
are  broken  up  into  the  oxides,  sulphur  dioxide  and  oxygen,  while 
nickel  sulphate  is  almost  all  undecomposed,  and  can  be  separated 
from  the  mixed  oxides  by  lixiviation  with  water,  or,  if  it  is  the 
basic  sulphate,  with  dilute  acid. 

If  it  is  heated  to  redness  with  carbon,  it  is  reduced  to  nickel 
sulphide,  with  the  formation  of  carbon  dioxide,  but  a  portion  of  the 
sulphate  is  always  reduced  to  metallic  nickel,  with  the  formation 
of  carbon  dioxide  and  sulphur  dioxide;  this  nickel  is  retained  in. 
the  sulphide. 

Carbon  monoxide  and  hydrogen  also  reduce  the  sulphate  to- 
sulphide  at  a  red  heat. 

From  a  solution  of  nickel  sulphate,  nickel  is  precipitated  as- 
sulphide  by  alkaline  sulphides ;  as  nickelous  hydrate  by  potash,  soda, 
milk  of  lime  or  milk  of  magnesia ;  and  by  sodium  carbonate  as  basic 
carbonate. 

It  may  be  electrolysed,  nickel  appearing  at  the  cathode,  the  acid 
radicle  at  the  anode.  The  double  sulphate  with  ammonium,. 
Ni(NH4).^(S04)2,  is  used  for  depositing  nickel  by  electrolysis. 

Chloride  of  Nickel 

Nickelous  chloride  is  soluble  in  water.  Its  reactions  are  similar 
to  those  of  the  sulphate.  The  solution,  when  electroly.sed,  gives 
nickel  at  the  cathode,  chlorine  at  the  anode. 

Silicates  of  Nickel 

Nickel  silicates,  Avhen  reduced  by  carbon,  yield  metallic  nickel,  if 
suitable  bases  are  present  to  form  a  slag  with  the  silicic  acid.  Nickel, 
like  iron,  dissolves  carbon  and  silicon,  and  therefore,  if  a  nickel  silicate 
containing  iron  is  smelted  with  coal  and  fluxes,  we  have,  by  reduc- 
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tion  of  some  of  the  iron,  an  iron-nickel  alloy  containing  both  carbon 
and  silicon. 

When  the  silicate  is  smelted  with  iron  pyrites,  with  copper 
pyrites,  or  with  sulphides  of  the  alkalies  and  alkaline  earths,  nickel 
is  reduced,  and  forms  a  matte  or  mixture  of  matte  and  meta,l. 

If  it  is  smelted  with  arsenic  or  arsenical  pyrites,  it  is  very 
incompletely  converted  into  nickel  speiss. 

The  mineral  garnierite,  a  nickel-magnesium  silicate,  is  soluble  in 
jsulphuric  and  hydrochloric  acids. 

Nickel  Carbonyl,  Ni(CO)^ 

This  compound  is  formed  if  carbon  monoxide  is  passed  over  nickel 
at  temperatures  between  50°  and  150"  C.  It  is  a  liquid  boiling  at 
43°  C,  and  solidifying  at  —  25"  C.  At  200°  C.  it  is  decomposed  into 
nickel  and  carbonic  oxide.     Its  vapour  is  very  poisonous. 

Alloys  of  Nickel 

Nickel  alloys  with  many  metals,  and  it  is  principally  used  in  the 
form  of  alloys,  especially  those  with,  copper  and  zinc,  known  by 
various  trade  names,  such  as  german  silver,  argentan,  white  metal, 
queen's  metal ;  and  the  iron-nickel  alloys  ferro-nickel  and  nickel- 
steel.  Silvered  argentan  is  known  as  china-silver,  packfong  and 
•Christofle's  metal. 

German  silver  usually  contains  5  parts  copper,  2  of  nickel  and  2 
of  zinc.  Nickel  alloys  are  employed  for  the  subsidiary  coinages, 
known  as  billon,  in  several  countries ;  for  instance,  the  coinages  of 
Germany,  the  United  States  (since  1866),  Belgium  (since  1860), 
fjrazil  (since  1872),  Venezuela  (1877),  are  all  75  per  cent,  copper, 
with  25  per  cent,  nickel.  In  Chili  the  composition  of  the  coins 
used  since  1873  is  70  per  cent.  Cu,  20  per  cent.  Ni,  10  per  cent.  Zn. 

At  the  present  time  a  large  (piantity  of  nickel  is  used  in  pro- 
ducing "  ferro-nickel,"  of  which  armour-plates,  guns  and  other 
weapons  are  manufactured.  It  was  discovered  recently  at  Crcusot 
that  from  3  to  27  per  cent,  of  nickel  added  to  iron  materially 
increased  its  elasticity  and  tenacity.  The  ferro-nickel  made  at  the 
Cockerill  Works  at  Seraing  (Belgium),  and  used  for  arms  and  artillery, 
contains  7 '5  per  cent,  nickel  and  006  per  cent,  carbon.  The  armour 
])lates  of  the  Bethlehem  Iron  Co.  at  Chicago  contain  3*25  to  3"5 
per  cent,  nickel  and  0*35  per  cent,  carbon.  Those  of  the  Wittkowitz 
Works  in  Mahrisch-Ostrau  contain  8  per  cent,  nickel  and  02  per  cent, 
•ca  rbon. 
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At  Bethlehem  they  make  also  nickel-steel  containing  27 '5  per 
cent,  nickel. 

In  making  ferro-nickel  the  nickel  is  added  to  the  charge  of  iron 
in  the  Martin  process,  and  may  be  used  in  the  form  of  metallic  nickel 
or  monoxide.  When  small  quantities  of  the  oxide  arc  used  it 
is  reduced  by  the  carbon  in  the  iron,  but  if  large  quantities  are 
used,  coal  must  be  added  for  redaction. 

It  appears  that  the  Carnegie  Co.  at  Homestead^  have  bought 
a  patent  of  their  engineer's,  according  to  which  nickel  monoxide, 
with  more  or  less  iron,  is  made  into  bricks  with  coal,  or  organic 
agglomerants,  and  charged  into  a  Martin  furnace. 

By  Harvey's  method,  used  in  the  United  States,  plates  of  nickel- 
iron  are  converted  by  cementing  into  steel  plates  on  one  side  only, 
after  which  they  correspond  in  hardness  and  temper  to  iron  and 
steel  compound  plates.  The  plates  treated  in  this  way  resemble  iron 
on  one  side,  and  steel  on  the  other,  and  for  this  reason  prove  to  be 
valuable. 

At  present  nickel-steel  is  the  best  material  for  armour  plates, 
turrets  and  shields. 

The  present  high  price  of  nickel-iron  alloys,  and  certain  technical 
difficulties  in  their  production,  prevent  their  extended  use  in  con- 
struction. 

Nickel,  when  alloyed  with  metals  more  oxidisable  than  itself  {e.g., 
copper),  can  be  separated  by  an  oxidising  fusion. 

Ores  of  Nickel 

Nickel  occurs  only  in  combination.  In  compounds  it  may  be  the 
chief  element,  or  in  small  proportion  to  the  other  metals  present. 

In  the  extraction  of  the  metal,  not  only  nickel  ores  proper  are 
important,  but  also  those  minerals  which  contain  nickel  in  small  pro- 
portion as  a  secondary  element,  or  contain  it,  combined  with  other 
■elements,  as  an  impurity. 

The  greatest  quantity  of  nickel  is  obtained  at  present  from  the 
:silicate  garnierite,  or  from  magnetic  pyrites  containing  nickel. 

We  may  quote  the  following  as  true  nickel  ores  : — 

K^ipfernickel  or  arsenical  nickel,  NiAs,  containing  43'5  per  cent.  Ni. 
The  nickel  in  this  ore  is  often  replaced  by  cobalt  and  iron  in  small 
proportion ;  the  arsenic  may  be  replaced  by  antimony  up  to  28  per 
•cent.,  and  in  small  proportion  by  sulphur.     It  has  been  found,  or  is 

^  V.    Ehrenwerth,    Dax.   Bery-   und    HiUten-ii:eAen    aiif  tier    WeUau-sitdhing   in 
Chicago.     Vienna,  1895. 
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still  got,  in  Germany  (Riechelsdorf,  Olpe,  Sangerhausen,  KamsdorC 
Schneebcrg,  Annaberg,  Harzgcrode,  Wittichen) ;  in  Austria  (Schlad- 
ming,  Leogang,  Dobschau) :  in  France  (Allemont  in  Dauphine,  Balen 
in  Basses-Pyrenees);  in  England  (Pengelly,  Fowey,  St.  Austell  in 
Cornwall) ;  and  in  Scotland  (Bathgate). 

White  nickel-ore,  or  chloanthite,  NiAsg,  is  composed  of  28'2  per  cent, 
nickel  and  71-8  per  cent,  arsenic.  Frequently  a  small  proportion  of 
the  nickel  is  replaced  by  cobalt  and  iron.  This  mineral  is  found  in 
the  .same  places  as  the  other  arsenide. 

Breithmiptite  or  nickel  antimonide  (NiSb),  with  31*5  per  cent.  Ni^ 
(St.  Andreasberg  in  the  Harz)  ;  ullmannite  or  nickel  antimony  gldTice 
(NiSb.-j  +  NiAs^)  with  26-1  per  cent.  Ni  (at  Siegen) ;  gersdoi'ffite 
nickel  glance,  or  nickel  arsenic  glance  (NiAsg  +  NiSg),  with  an  average- 
percentage  of  35  Ni  (Siegen,  Schladming,  Harzgerode,  Helsingland)  ';. 
annahergitc,  nickel  ochre  or  nickel  bloom  (NigAsj^Og  +  SHgO)  with  29'5 
per  cent.  Ni  (occurring  in  the  upper  seams  of  nickel-ore  deposits) ;. 
moresonite  or  nickel  vitriol (NiSO^-{- 7 H.,0)  (occumng  similarly).  AH 
these  ores  occur  in  such  small  quantities  that  they  can  never  b& 
singly  worked  for  nickel. 

Milleritc,  or  hair  pyrites,  nickel  jjyritcs,  NiS,  with  64"5  per  cent.  Ni 
is  occasionally  found  pure  in  large,  independent  masses,  more  often 
combined  intimately  with  iron  and  copper  pyrites.  (At  Nanzenbach 
near  Dillenburg,  Gapmine  in  Pennsylvania,  Sudbury  in  Canada, 
Arkansas.)  This  mixture  of  all  three  pyrites  forms  a  valuable  source 
of  metallic  nickel. 

Iron  and  nickel  pyrites,  or  necopyrites  (2FeS  -I-  NiS)  with  18  ta 
21  per  cent.  Ni,  is  found  at  Lillehammer  in  Southern  Norway. 

Garnierite  is  a  nickel  magnesium  silicate,  containing  water  of 
crystallisation,  discovered  in  1863  by  Gamier  in  the  island  of  New 
Caledonia.  It  hlls  up  clefts  and  fissures  in  a  serpentine,  formed  by 
the  metamorphosis  of  enstatite,  a  magnesium  silicate,  and  is  accom- 
panied by  several  such  silicates,  by  chrysop)rase,  magnetite,  chromite, 
and  other  minerals.  Its  extensive  occurrence  in  this  locality  has 
caused  it  to  become  the  chief  source  of  metallic  nickel,  after  the 
nickel-holding  pyrites  (magnetic  and  copper)  of  Sudbur}'  in  Ontario, 
The  usual  composition  of  garnierite  is — 

9—17  per  cent.  NiO. 


41—46 

SiO,. 

5—14 

,         Fe.A- 

1—  7 

Al.,0.,. 

6—  9 

„        MgO. 

8—16 

Hp. 
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Very  occasionally  it  contains  as  much  as  40  per  cent.  Ni.  The  average 
percentage  of  nickel  in  the  ores  of  late  years  has  been  7  to  8. 
The  quantity  of  iron  contained,  which  is  only  mechanically  mingled, 
■often  exceeds  the  nickel.  The  composition  of  garnierite  varies 
according  to  the  particular  magnesium  silicate  which  forms  its 
■basis.  By  the  analyses  of  Garnier  and  Thiollier  the  composition 
(NiMg)Si03  +  nHgO  has  been  assigned  to  it. 

A  nickel-magnesium  silicate  similar  to  this,  containing  8"96  per 
•cent.  Ni  in  the  impure  condition,  was  discovered  by  Meissonier  in 
1876  in  the  province  of  Malaga  in  Spain.  Its  occurrence  is  slight. 
Very  recently,  also, near  Riddle  Station  in  Oregon,  a  nickel-magnesium 
silicate  has  been  found  with  an  average  of  5  per  cent,  of  nickel. 

Amongst  nickel  compounds  of  similar  composition  we  have  also 
rewdanskite  at  Rewdansk  near  Ekaterinenburg  in  Ural,  genthite, 
■occurring  in  Texas  and  Pennsylvania,  and  pimelite  at  Reichenstein 
in  Silesia.  These  minerals  are  all  found  in  such  small  quantities 
that  they  cannot  form  the  foundation  for  a  special  extraction  of 
nickel. 

Among  ores  in  which  nickel  is  not  the  chief  element  we  note 
■especially  certain  pyrites,  the  chief  being  magnetic  and  copper 
pyrites.     Many  varieties  of  arsenical  pyrites  also  contain  nickel. 

Iron  and  copper  pyrites,  as  above,  are  found  in  the  neighbourhoods 
of  Nanzenbach  (before  mentioned),  Gladenbach,  and  St.  Blasien  in 
the  Black  Forest.  The  Nanzenbach  ore  has  an  average  of  5  per 
cent.  Ni  and  5  per  cent.  Cu  ;  St.  Blasien  ore  2  to  2"5  per  cent.  Ni 
^nd  0*75  per  cent.  Cu.  Magnetic  pyrites  containing  nickel  is  found 
in  Sweden  (Klefva  and  Smaland,  Hudigswall,  the  neighbourhoods  of 
•Gefie,  of  Fahlun,  and  of  Sagmyrna) ;  in  Norway  (Langesund  Fiord, 
Ringerick  nickel-mine  near  Nakkerud,  Krageroe,  Moss,  Snarum, 
Christiansand) ;  in  Piedmont  (Varallo),  Pennsylvania  (Lancaster  Gap 
Mine),  Massachusetts  (Dracut),  Oregon,  and  largely  developed  in 
Sudbury  (Canada).  The  proportion  of  nickel  is,  at  Klefva  1"5 
per  cent.,  at  Sagmyrna  0"5  to  0*8  per  cent.,  Krageroe  1-75  per  cent., 
Varallo  1-20  to  1'44  per  cent..  Gap  Mine  in  Pennsjdvania  1"75  per 
■cent,  (with  1  per  cent.  Cu  and  0*1  per  cent.  Co).  The  copper  pyrites 
at  the  Ringerick  Mine  in  Norway  contain  33"24  per  cent.  Cu,  0'42  to 
1'75  per  cent.  Ni,  and  O'Ol  per  cent.  Co.  The  magnetic  pjTites 
{pyrrhotite)  at  Sudbury  is  found  in  large  lenticular  accretions  in 
diorite  dykes  in  the  Laurentian  and  Huronian  formations ;  it  con- 
tains 1"5  to  9  per  cent.  Ni  and  is  mixed  with  copper  pyrites.  The 
average  amount  of  nickel  is  3  per  cent,  and  something  over  3  per 
cent,  is  copper.     As  the  depth   of  the  vein  increases  the  percentage 
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of  nickel  seems  to  increase,  that  of  copper  to  decrease.  For 
example,  in  the  upper  levels  of  the  Copper  Cliff  Mine  the  quantity 
of  copper  is  4  per  cent.,  of  nickel  4"5  per  cent. ;  while  at  the  deepest 
present  level  the  quantity  of  copper  has  sunk  to  0"5  per  cent.,  and 
that  of  nickel  has  risen  to  8  or  10  per  cent. 

The  Sudbury  ore  is  at  the  present  time  the  principal  source  of 
nickel. 

The  arsenical  pyrites  containing  nickel  at  Dobschau  in  Hungary 
contains  from  0'25  to  17  per  cent.  Ni ;  the  same  sort  of  ore  at 
Schladming  in  Styria  contains  11  per  cent.  Ni  and  1   per  cent.  Cu. 

Metallurgical  Products  used  as  a  Source  of  the  Metal 

When  ores  of  lead,  copper,  cobalt  or  silver  are  smelted,  any  nickel 
which  they  contain  collects  in  the  speiss.  Should  the  ore  be  free 
from  arsenic,  so  that  a  speiss  is  not  formed,  the  nickel  will  be  found 
in  the  various  intermediate  products  : — matte,  blister-copper,  tough 
pitch  copper  and  lyes ;  or  in  final  products  like  slag  or  scars  ;  from 
all  of  these  it  can  be  extracted. 

The  Extraction  of  Nickel 

This  may  be  done  : — 
I.  By  the  dry  method. 
II.  By  the  wet  method. 
III.  Electro-metallurgically. 
The  dry  method  should  be  used  for  ores  and  metallurgical  products 
containing  a  large  or  a  medium  quantity  of  nickel,  if  it  is  possible 
to  get  a  pure  metal  (or  oxide)  out  of  such  ores,  without  the  help  of 
a  wet  method.     It  is  also  satisfactory  when  the  purity  of  the  product 
is  not  essential. 

With  poor  ores  the  dry  method  can  be  used,  if  the  nickel  can 
be  concentrated  without  gi-eat  cost  in  an  intermediate  product  (a 
matte  or  speiss),  and  if  from  this  latter  nickel  or  nickel  oxide  can 
be  got  pure  without  recourse  to  a  wet  method,  or,  again,  if  a  pure 
metal  is  not  the  object. 

Wet  methods  are  used  for  ores  which  are  poor  in  nickel,  and 
for  which  concentration  of  the  nickel  in  a  matte  or  speiss  would  be 
too  expensive. 

Wet  methods  are  also  used  for  intermediate  products,  when  it 
is  desired  to  produce  from  sources  of  nickel  in  which  copper  is  an 
impurity,  a  nickel  oxide  or  metallic  nickel  which  shall  be  free  from 
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copper ;  they  are  also  employed  when  the  desired  products  are  more 
profitably  obtained  by  these  methods :  such  are  the  m«tal,  alloys  or 
salts. 

p]lectrolytic  methods  have  not  been  applied  to  ores  so  far,  nor 
have  they  been  much  used  for  intermediate  products.  In  view  of 
the  difficulty  of  obtaining  compact  nickel  by  means  of  an  electric 
current,  it  is  doubtful  whether  these  methods  will  ever  be  greatly 
used. 

Metallic  nickel  may  contain  many  impurities,  such  as  the  oxide,, 
and  mechanically  enclosed  gases,  which  would  restrict  its  application 
in  the  arts.  In  such  cases  a  purification  by  some  special  refining 
process  is  necessary,  and  dry  methods  are  generally  used  for  this 
purpose.  Most  nickel  smelters  are  in  the  habit  of  producing  only  a 
speiss  or  matte,  which  is  further  treated  for  the  extraction  and 
purification  of  the  nickel  by  the  manufacturers  who  keep  their 
processes  secret. 

Nickel  monoxide  has  been  manufactured  in  large  quantities  for 
the  production  of  ferro-nickel :  it  is  added,  either  alone  or  with  a 
reducing  agent,  to  charges  of  iron  or  steel.  If  it  is  used  in  small 
quantities  with  cast  iron,  there  is  usually  sufficient  carbon  present  in 
the  latter  to  act  as  a  reducing  agent.  Nickel  oxide  is  also  used  in 
the  manufacture  of  pigments. 

I.  Extraction  of  Nickel  in  the  Dry  Way 

A.  extraction  from  ores 

The  most  important  ores  at  present  are  the  sulphur  compounds 
and  the  silicates,  the  arsenic  compounds  taking  the  second  place. 
Apart  from  the  Mond  process,  which  consists  of  preparing  nickel 
carbonyl,  and  decomposing  this  into  nickel  and  carbon  monoxide, — a 
process  which  has  not  yet  been  successful  on  a  large  scale — the  ores 
mentioned  must  be  utilised  in  different  ways.  Therefore  the  ex- 
traction of  the  metal  from  each  class  of  ore  is  best  considered 
independently, 

1.    EXTRACTION    OF   NICKEL   FROM   SULPHUR   COMPOUNDS 

The  compounds  to  be  considered  are  magnetic  and  other  pyrites 
containing  nickel,  frequently  mixed  with  copper  pyrites.  They  may 
be  classified  generally  as  compounds  in  which  sulphur  and  iron  are 
the  chief  elements,  with,  in  addition,  a  small  proportion  of  nickel 
and  copper.     The  proportion  of  nickel  varies  between  1  per  cent. 
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and  5  per  cent.  Pure  nickel  sulphide,  hair  pyrites  or  millerite,  does 
not  occur  in  such  quantities  that  it  can  be  treated  alone  for  nickel, 
but  it  occurs  often  in  the  above  ores,  and  so  finds  its  way  into  the 
smelting  processes. 

In  smelting  these  ores  in  the  dry  way,  after  getting  rid  of 
gangue,  we  are  chiefly  concerned  with  the  separation  of  the  nickel 
from  sulphur  and  from  iron,  and  in  most  cases  also  from  copper.  If 
no  copper  is  present,  the  process  becomes  so  much  the  simpler. 

With  ores  free  from  copper  the  extraction  depends  principally 
on  the  fact  that  iron  has  a  greater  affinity  for  oxygen  than  either 
nickel  or  sulphur  has.  Thus  it  is  possible  to  remove  iron  from  these 
•ores  as  oxide,  and  slag  it,  the  nickel  being  separated  chiefly  as 
sulphide.  Then  at  a  higher  temperature  atmospheric  oxygen  will 
convert  this  sulphide  into  monoxide,  which  must  be  reduced  by 
-carbon.  .  ;  ■ 

The  formation  of  the  sulphide  is  effected  by  roasting  and 
smelting  operations,  the  conversion  to  oxide  by  roasting,  and  reduction 
of  the  oxide  by  ignition  with  a  reducing  agent  or  smelting. 

Owing  to  the  small  proportion  of  nickel  in  most  ores  (1  to  5 
jjer  cent.),  it  is  not  possible  to  obtain  the  sulphide  from  them  by  a 
■single  smelting  and  roasting.  It  is  most  usual  to  adopt  a  procedure 
similar  to  that  employed  for  the  separation  of  copper  from  sulphide 
ores  containing  iron,  and  thus  to  produce,  by  roasting  and  subsequent 
reduction,  a  nickel-iron  matte.  This  matte,  containing  iron  but 
with  an  increased  proportion  of  nickel,  is  converted  by  fusion  in  an 
oxidising  atmosphere  into  a  matte  free  from  iron.  But  if  this  first 
matte  is  still  poor  in  nickel,  further  concentration  by  the  same 
methods  takes  place  before  this  final  fusion. 

The  matte  obtained  free  from  iron  is  subjected  to  dead 
roasting,  often  in  two  operations,  and  becomes  nickelous  oxide, 
which,  as  already  said,  is  reduced  to  nickel  by  fusion  with  a  reducing 
agent. 

The  first  operation  to  which  the  ores  are  subjected,  the  roasting, 
converts  all  the  metallic  sulphides  into  a  mixture  of  oxides,  sulphates 
and  undecomposed  sulphides. 

In  the  next  process,  the  smelting  of  the  roasted  product  in 
a  shaft-furnace  with  coal  and  siliceous  matter,  nearly  all  the  iron 
passes  into  the  slag,  while  any  small  proportion  of  iron  sulphide  still 
remaining  undecomposed  by  both  processes,  forms  a  matte  containing 
all  the  nickel  sulphide. 

It  is  necessary  to  retain  considerably  more  sulphur  than  is 
required  to  combine  with  nickel   in  the   roasted  product,  because 
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none  of  the  small  proportional  amount  of  nickel  ])resent  can  be 
allowed  to  pass  into  the  slag.  Consequently  the  matte  will  contain 
a  large  quantity  of  iron  sulphide.  From  this  matte,  known  as  raw 
nickel  matte,  the  iron  is  separated,  with  the  corresponding  amount 
of  sulphur,  by  an  oxidising  fusion  in  hearths,  reverberatory  furnaces^ 
or  converters.  If  it  is  poor  in  nickel  and  rich  in  iron,  it  is  better 
first  to  concentrate  the  nickel  by  another  roasting  followed  by  a 
reduction  Avith  coal  and  silica  as  above,  in  a  shaft  furnace,  or  in  a 
reverberatory  furnace  without  reducing  agent.  The  chemical  changes 
with  nickel  coarse  matte  are  just  the  same  as  with  the  ore  direct, 
except  that  there  is  no  longer  any  gangue  to  form  slag. 

When  the  roasted  ore  is  smelted  in  a  reverberatory  furnace 
the  ferric  oxide  present  is  reduced  by  the  sulphur  of  the  iron  sulphide 
to  ferrous  oxide,  in  the  presence  of  the  silica,  and  sulphur  dioxide 
passes  off.     The  equation  is  as  follows : — 

FeS  +  SFePg + a^SiOg  =  7  FeOa^Si02  -f  SO,. 

Meanwhile  the  nickel  monoxide  present  reacts  with  an  equivalent 
quantity  of  ferrous  sulphide  to  form  nickel  sulphide  and  ferrous 
oxide,  which  last  forms  slag.  The  result,  then,  of  this  smelting  in  a 
reverberatory  furnace  is  nickel  sulphide  with  a  greater  or  less 
quantity  of  iron  sulphide,  according  to  the  amount  in  the  raw  matte, 
and  ferrous  silicate. 

If  the  matte  or  the  concentrated  matte,  in  the  unroasted  condi- 
tion, is  subjected  to  an  oxidising  fusion  in  a  reverberatory  furnace 
with  silica,  the  iron  will  pass  into  the  slag  as  ferrous  oxide,  while 
nickel  sulphide  is  unchanged.  Some  nickel  oxide  reacts  with  ferrous 
sulphide,  and,  as  before,  the  results  are  nickel  sulphide  with  more  or 
less  iron  sulphide,  and  ferrous  silicate. 

In  this  process  also  an  admixture  of  heavy  spar  and  coal,  or 
of  Glauber  salt  and  coal,  works  satisfactorily,  as  the  coal  causes 
barium  or  sodium  sulphide  to  be  formed,  and  this  converts  oxidised 
nickel  back  to  sulphide,  and  the  baryta  or  soda  formed  makes  a  very 
fusible  slag  with  silica. 

If  the  raw  nickel  matte  or  a  concentrated  matte  is  subjected  to 
an  oxidising  fusion  on  a  hearth  under  a  stream  of  compressed  air, 
the  iron  is  oxidised  to  ferrous  oxide  and  forms  a  slag  with  the  silica 
of  the  furnace  lining,  while  nickel  sulphide  is  unchanged.  If  the 
oxidation  is  carried  on  sufficiently  long,  there  will  be  only  traces  of 
iron  sulphide  left  behind.  But  a  considerable  loss  of  nickel  in  the 
slag  occurs  if  the  iron  is  completely  separated. 

The  separation  of  iron  from  nickel  matte  by  means  of  the  Bessemer 
VOL.  II.  L  L 
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converter  is  rapid  and  complete.  Besides  the  iron  any  arsenic  and 
antimony  present  in  the  matte  are  completely  removed.  The  iron  is 
converted  into  feiTOUs  oxide  by  the  stream  of  air  blowTi  into  the 
molten  matte,  and  forms  a  slag  with  the  silica  of  the  converter 
lining,  or  else  with  quartz  added.  Any  nickel  which  may  be  oxidised 
reacts  with  whatever  ferrous  sulphide  may  be  left,  thus  giving  ferrous 
oxide  which  is  slagged,  and  nickel  sulphide.  The  process  finally  gives 
this  sulphide  and  a  ferrous  silicate  which  will  always  contain  a  certain 
quantity  of  nickel. 

It  is  not  possible  to  separate  the  nickel  as  metal  in  the  converter 
by  continuing  the  blast,  as  is  done  in  separating  copper  from  its 
sulphide  in  the  copper-Bessemer  process.  In  addition  to  the  fact 
that  nickel  oxide  and  sulphide  "vvill  not  react,  it  is  not  possible  at  the 
temperature  required  in  the  process  to  oxidise  the  sulphur  without 
oxidising  the  nickel  as  well.  Indeed  with  a  certain  proportion  of 
nickel  and  sulphur  in  the  matte,  nickel  is  more  easily  oxidised  than 
sulphur.  Finally,  the  heat  developed  in  the  oxidation  of  nickel 
sulphide  is  not  enough  to  fuse  nickel. 

When  the  nickel  ore  contains  copper,  as  is  generally  the  case, 
the  copper  remains  in  the  matte  owing  to  its  gi'eat  affinity  for 
sulphur,  and  thus  the  oxidation  followed  by  reduction  gives  a  matte 
containing  sulphides  of  nickel,  iron  and  copper.  Iron  can  be  separ- 
ated from  this  in  exactly  the  same  way  as  when  copper  is  not  present, 
and  we  obtain  a  matte  consisting  of  nickel  and  copper  sulphides. 
This  is  usually  worked  up  into  nickel-copper  alloys.  For  this 
purpose  the  mixed  metals  are  oxidised  by  roasting  and  the  alloy 
obtained  by  smelting  Avith   coal. 

If  the  ore  or  matte  has  only  a  small  proportion  of  copper,  it  can 
be  treated  exactly  as  if  free  from  it ;  and  then  there  results  a  nickel 
containing  copper,  which  is  of  special  use  in  making  alloys.  But  if 
nickel  or  the  oxide  quite  free  from  copper  is  required,  as,  for  instance, 
for  ferro-nickel,  the  copper  must  be  separated  by  some  special  process, 
either  from  the  first  matte  after  smelting  the  ore  or  from  a  concen- 
trated matte,  or  from  the  nickel-copper  alloy.  These  special  processes 
to  separate  copper  may  be  wet  or  dry. 

The  dry  method  has  generally  been  to  smelt  the  matte  with 
Glauber  salt  and  coal ;  the  copper  then  forms  with  the  iron  present  a 
compound  sulphide  of  sodium,  copper  and  iron,  and  nickel  sulphide 
remains  behind.  Or  the  copper  is  converted  into  chloride  by 
chlorinating  and  lixiviating  the  matte.  A  Avet  way  which  has 
lately  come  into  use  is  to  dead  roast  the  matte  and  dissolve  all 
three  oxides  in  acids.     Then  cojjper,  iron  and  nickel  are  separately 
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precipitated.  It  appears  that  electrolysis  has  also  been  used,  but 
■details  have  not  been  published. 

According  to  the  above  explanation  we  must  distinguish  the  fol- 
lowing processes  in  the  working  up  of  sulphuretted  ores  of  nickel 
into  crude  metal  or  into  copper-nickel  alloys. 

a.  Conversion  of  the  ore  into  a  coarse  matte. 

h.  Separation  of  iron  from  the  latter,  or  "  refining." 

Cj.  Working  up  of  refined  nickel-copper  matte  into  copper-nickel 
alloys. 

Cj.  Working  up  of  the  same  nickel-copper  matte  into  a  matte  free 
from  copper. 

d.  Working  up  of  the  products  from  2  or  4  into  nickel  oxide  or 
crude  nickel. 

a.   THE   CONVERSION   OF    THE   ORE    INTO   COARSE    MATTE 

This  process  consists  in  roasting,  followed  by  the  reduction  of 
the  roasted  product  in  shaft  furnaces.  In  exceptional  cases,  when 
the  ore  is  mixed  with  large  quantities  of  earthy  gangue,  the 
roasting  is  dispensed  with,  and  the  unroasted  ore  smelted  to  get  rid 
of  the  gangue  as  slag, 

a.    ROASTING   THE   ORE 

The  ore  to  be  roasted  is  magnetic  pyrites  and  iron  pyrites, 
mixed  with  copper  pyrites,  and  often  with  arsenic  and  antimony 
compounds,  and  also  with  silicates,  quartz  and  earthy  matter. 

During  roasting  the  aim  is  to  get  rid  of  sulphur  until  enough 
only  remains  to  combine  with  nickel,  copper  and  a  portion  of  iron, 
during  the  smelting  to  follow.  If  cobalt  is  present  it  will  be  wholly 
combined  with  sulphur.  Arsenic  and  antimony  are  removed  as 
completely  as  possible. 

We  have  seen  already  that  as  the  proportion  of  nickel  in  the 
ore  is  so  slight  (1  to  4  per  cent.,  rarely  above  5  per  cent.),  it  is 
impossible  to  decompose  all  the  iron  sulphide  in  roasting,  for  then 
in  smelting,  nickel  would  pass  into  the  slag  with  the  iron  ;  and 
further,  as  it  is  impossible  in  these  circumstances  to  avoid  the 
formation  of  iron  sows,  the  nickel  will  be  reduced  and  pass  into 
them.  It  must  depend  on  the  relative  proportions  of  nickel,  cobalt, 
iron  and  sulphur  in  the  ore,  how  much  sulphur  can  be  oxidised  away. 
When  possible,  ores  containing  4  to  5  per  cent,  nickel,  or  more, 
should  be  so  worked  that  smelting  gives  a  matte  with  15  or  20  per 
cent,  nickel  without  any  serious  loss  of  the  metal.  Poor  ores  with 
1  or  2  per  cent.,  should  give  a  matte  with  5  to  10  per  cent. ;  for  here 
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loss  of  nickel  in  slag  and  sows  has  a  greater  proportional  effect  than 
with  richer  ores.  If  there  is  any  cobalt  in  the  ore,  the  roasting  must 
be  stopped  so  much  the  sooner.  When  the  cobalt  is  worth  separat- 
ing there  must  be  an  excess  of  sul])hur  in  the  roasted  product,  for 
cobalt  has  less  affinit}'  for  sulphur  than  nickel  has,  and  so  will  pass 
into  the  slag  before  the  latter  does. 

In  the  roasting  the  sulphur  partly  escapes  as  dioxide,  and  is 
partly  converted  into  trioxide  by  contact  with  red-hot  masses  of  ore 
and  red-hot  furnace  walls.  Iron,  copper  and  nickel  oxides  combine 
with  this  trioxide  to  form  the  three  sulphates.  As  the  roasting  proceeds 
and  the  temperature  is  raised,  the  sulphates  are  again  decomposed 
into  oxides  and  sulphur  trioxide,  or  sulphur  dioxide  and  oxygen. 
Ii'on  sulphate  is  first  decomposed,  next  the  copper,  lastly  the  nickel 
compound. 

If  the  roasting  were  kept  up  long  enough  at  the  proper  tem- 
perature, the  product  would  be  a  mixture  of  ferric  oxide,  nickelous 
oxide  and  cupric  oxide.  But  if  it  is  stopped  after  a  certain  quantity 
of  sulphur  in  the  ore  has  been  got  rid  of,  as  is  nearly  always  neces- 
sary, in  order  to  produce  the  matte,  the  product  will  be  a  mixture 
of  oxides,  sulphates  and  undecomposed  sulphides.  Ferric  oxide,  ferric 
sulphide  and  basic  ferric  salts  preponderate  in  quantity.  If  zinc 
blende  was  present  in  the  ore,  zinc  sulphide  and  oxide  and  neutral 
and  basic  sulphate  are  found  in  the  product.  If  arsenic  and 
antimony  were  present,  arseniates  and  antimoniates  are  found  as 
well  as  undecomposed  arsenides  and  antimonides.  We  should  find 
lead  sulphide,  oxide  and  sulphate  resulting  from  galena  in  the  ore. 
Quartz,  heavy  spar  and  silicates  remain  unaltered.  Calcium  carbonate 
will  become  sulphate. 

The  Ojyerntion  of  Roasting. — This  may  be  carried  on  in  heaps, 
kilns,  shaft-furnaces  reverberatory  furnaces,  or  muffles.  The  choice 
among  these  methods  depends  on  the  necessity  for  disposing  of 
noxious  gaseous  products,  on  the  possibility  of  using  these  products 
in  the  manufacture  of  sulphuric  acid,  and  on  the  cost  of  fuel  and 
labour. 

The  roasting  of  lump  ore  in  heaps  takes  a  long  time,  is  imperfect 
in  its  results  for  many  ores,  and  provides  no  way  of  disposing  of  or 
utilising  the  gases  set  free ;  further,  it  causes  loss  of  metal  by  the 
washing  away  of  nickel  and  copper  sulphates,  unless  it  is  carried  on 
under  cover ;  on  the  other  hand,  it  means  only  slight  cost  of  plant,  a 
small  amount  of  labour,  and  a  small  consumption  of  fuel,  especially  if 
the  ore  is  rich  in  sulphur. 

The  fine  roasted  ore  ("  smalls  "),  if  it  is  not  moulded  into  lumps. 
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serves  as  coverings  and  bottoms  for  the;  heaps  of  lump  ore.  The 
moulding  entails  a  good  deal  of  labour,  while  roasting  up  to  the 
required  limit  requires  a  definite  proportion  of  fine  among  the  lump 
ore.  Otherwise  the  roasting  of  fine  ore  in  heaps  has  the  same 
<lisadvantages  as  roasting  lump  ore. 

This  method  is  used  when  the  utilisation  of  the  gaseous  products, 
f(jr  sulphuric  acid  or  otherwise,  is  not  feasible,  on  account  of  there 
being  no  market  for  the  product,  or  because  the  nature  of  the  ore  is 
not  suitable ;  and  when,  at  the  same  time,  the  situation  and  neighbour- 
hood are  of  so  little  value  that  they  are  not  seriously  deteriorated 
by  the  noxious  gases  escaping ;  it  may  also  be  used  where  fuel  and 
•labour  are  dear.  These  conditions  are  met  with  in  the  chief  place 
for  roasting  sidphuretted  nickel  ores,  the  neighbourhood  of  Sudbury 
in  Ontario,  and  also  to  some  extent  in  Sweden  and  Norway. 

The  Canadian  ores  are  magnetic  pyrites  containing  about  3  per 
cent,  nickel  and  3  to  4  per  cent,  copper.  There  is  no  sulphuric  acid 
plant  at  Sudbury.  The  great  compactness  of  the  ore  and  its  small 
proportion  of  sulphur  are  against  its  being  roasted  profitably  in 
shaft  furnaces,  kilns,  pyrites  burners  or  Maletra  furnaces,  such  as 
are  used  in  the  sulphuric  acid  manufiicture.  To  get  gaseous  products 
suitable  for  such  manufacture,  these  ores  must  be  mixed  with  others, 
or  roasted  in  muffles.  Further,  it  is  not  worth  while  to  export  an 
ore  so  poor  in  nickel  to  a  place  where  its  sulphur  could  be  utilised. 
The  best  economy  at  present  is  to  convert  the  ore  into  a  nickel 
matte  on  the  spot  without  concern  for  either  utilising  or  rendering 
harmless  the  gaseous  products.  So  the  roasting  of  the  ore  is  carried 
out  simply  in  heaps.  We  find  similar  conditions  in  Sweden  at 
Klefva  and  Sagmyrna,  and  in  Norway  at  the  Ringerick  nickel 
factory,  and  at  Kragerii,  in  which  places  the  nickel  works  are 
mostly  at  present  out  of  work.  The  ore  is  poor,  there  is  no  market 
for  sulphuric  acid,  and  land  is  not  dear.  So  here  roasting  in  heaps 
is  convenient. 

Roasting  in  stalls  entails  a  great  expenditure  of  time,  like  roast- 
ing in  heaps ;  it  means  also  a  greater  initial  outlay  and  more 
labour,  and  it  endangers  the  health  of  the  labourer  during  the 
•emptying  of  the  stalls.  It  precludes  the  utilisation  of  the  oxidised 
gases,  but  steps  are  taken  to  diminish  the  noxiousness,  by  leading 
them  into  high  chimneys.  By  careful  management  of  the  draught, 
the  method  will  yield  a  more  even  roasting,  and  in  a  shorter  time, 
than  roasting  in  heaps.  The  quantity  of  fuel  used  is  as  low  for  ores 
rich  in  sulphur  as  in  heap-roasting ;  finely  divided  ore  can  only  be 
used  as  bottoms  and  coverings  unless  it  is  consolidated. 
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Stall  roasting  is  therefore  used  where  the  sulphurous  gases  cannot 
be  utilised,  but  where  their  injurious  effects  are  bound  to  be  limited 
as  far  as  possible  by  leading  them  into  high  stacks. 

Fonnerly  these  stalls  were  used  at  Dillenburg  (the  Isabella  Works) 
and  at  the  Sesia  Works  at  Varallo,  in  Piedmont. 

Shaft  furnaces  are  used  for  ores  rich  in  sulphur,  both  lump  and 
fine,  if  the  gases  are  to  be  used  for  sulphuric  acid.  This  use  of  the 
gases  presupposes  such  a  proportion  of  sulj)hur  and  composition  of 
ore  that  the  roasting  temperature  can  be  kept  up  by  the  heat 
evolved  in  the  oxidation  of  the  sulphur,  and  that  the  ore  is  thor- 
oughly burned  through  without  leaving  cores.  The  ore  must  not 
melt,  nor  even  sinter,  and  the  lumps  of  ore  must  not  decrepitate  at 
the  temperature. 

Shaft  furnaces  may  also  be  used  without  any  concern  for  th& 
utilisation  or  rendering  harmless  of  the  furnace  gases,  if  fuel  is  dear 
and  labour  cheap,  (the  gases  may  be  sent  straight  into  the  air  or 
partly  rendered  less  noxious  by  being  led  into  high  chimneys,)  or 
may  be  used  when  the  ore  must  be  rapidly  roasted.  In  such  cases 
lump  ore  may  be  also  roasted  in  kilns  :  pulverulent  ore  in  furnaces  of 
the  Gerstenhofer  or  Maletra  pattern.  In  kilns,  ores  poor  in  sulphur 
are  arranged  in  layers  alternately  with  fuel. 

Any  instance  of  the  use  of  shaft  furnaces  for  the  purpose  of  utilis- 
ing the  gases  from  nickel  ores  in  sulphuric  acid  manufacture  is  not 
known  to  the  author. 

Shaft  furnaces  have  been  used  at  Dillenburg  to  roast  ores  of 
nickel.  As  the  ore  (pyrites  containing  nickel)  was  mixed  with  much 
gangue,  the  temperature  had  to  be  kept  up  by  alternating  with 
layers  of  fuel. 

Roasting  in  reverberatory  furnaces  will  not  allow  of  the  utilisation 
of  the  gases  ;  it  entails  preliminary  pulverisation  of  the  ore,  and  a  great 
consumption  of  fuel  and  labour,  but  it  can  be  performed  quickly  and 
can  be  accurately  adjusted  to  the  right  stage  in  getting  rid  of 
sulphur.  Nevertheless,  the  costliness  of  this  method  has  prevented 
its  being  used  up  till  now  for  these  sulphuretted  ores  containing  so 
small  a  proportion  of  nickel.  It  becomes  feasible  with  ores  contain- 
ing much  nickel,  and  when  a  quick  process  is  necessary,  if  utilisation 
of  the  gases  is  not  desired,  or  is  not  suitable  to  the  nature  of  the  ore, 
in  which  cases  as  high  a  chimney  as  possible  is  used. 

The  use  of  muffles  entails  a  large  expenditure  on  fuel  and  labour, 
but  it  allows  of  the  using,  or  rendering  harmless,  of  the  gaseous  ])ro- 
ducts,  and  is  convenient  for  stopping  the  roasting  at  the  proper  stage. 
With  the  muffles,  as  with  the  reverberatory  furnaces,  the  ore  must 
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first  be  reduced  to  small  size.  Up  till  now  they  have  not  been  used 
for  these  sulphuretted  nickel  ores,  because  of  the  expense  of  the 
roasting.  They  may  come  into  use  when  it  is  desired  to  utilise  cer- 
tain ores  in  sulphuric  acid  manufacture,  which  ores  are  not  suitable 
for  roasting  in  shaft  furnaces,  either  because  of  their  small  proportion 
of  sulphur,;  or  because  of  their  sintering,  melting  or  decrepitating. 

Roasting  in  Heaps 

This  is  carried  on  in  the  same  way  as  the  normal  roasting  of 
magnetic  pyrites,  or  of  pyrites  containing  copper.^ 

At  Sudbury,  in  Canada,  the  ores,  magnetic  pyrites  with  about 
3  per  cent,  nickel  and  rather  over  3  per  cent,  copper,  are  broken  and 
classified  into  the  three  sizes,  4  inches.  If  inch,  and  |  inch,  and 
then  piled  on  a  bed  of  wood  in  heaps  of  5  to  15  feet  high,  82 
feet  long,  and  about  39  feet  broad.  A  heajD  contains  from  600 
tons  to  3,000  or  more.  In  the  middle  there  is  a  small  chimney  to 
create  a  draught  and  carry  off  the  combustion  products.  To  every 
20  tons  of  ore  a  cord  of  wood  (128  cubic  feet)  is  allowed.  The  bed 
is  laid  upon  a  layer  of  fine  ore  6  to  10  inches  thick,  which  itself 
becomes  roasted  down  to  a  certain  depth,  generally  about  half-way. 
On  the  bed  the  coarsest  pieces  are  laid,  then  the  medium-sized,  and 
lastly,  fine  ore  again.  The  whole  heap  is  covered  with  a  layer  of  fine 
ore  6  to  8  inches  thick.  The  length  of  time  for  the  roasting  varies 
according  to  the  size  of  the  heaps  from  6  to  20  weeks.  A  heap  con- 
taining 1,000  tons  takes  60  to  80  days.  By  one  roasting  the  propor- 
tion of  sulphur  in  the  ore  is  reduced  from  30  or  40  per  cent,  to 
between  4  and  7  per  cent.^ 

At  the  works  at  Klefv'a  in  Smaland  (Sweden),  closed  at  present 
(1896),  the  nickeliferous  magnetic  pyrites  was  subjected  to  a  single 
roasting  in  heaps  on  a  bed  of  wood,  each  heap  containing  210  tons.^ 
This  pyrites  contains  from  1*08  to  2"03  per  cent,  nickel,  and  from 
0"38  to  1*03  per  cent,  copper.  At  Sagmyrna  (also  closed)  the  pyrites, 
containing  0*6  per  cent,  nickel  and  0  7  per  cent,  copper  was  roasted 
three  times.  Each  heap  held  300  or  400  tons  of  ore,  and  burned 
3  or  4  weeks. 

At    the    Ringerick  works    in    Norway   (also   closed)   magnetic 

pyrites  with  from  042  to  1*75  per  cent,  nickel  was  roasted  with  wood 

in  heaps  of  about  the  same  size  as  those  at  Sagmyrna ;  they  burned 

for  from  1  to  3  months.     After  roasting,  the  ore  was  sorted,  and  that 

which  was  imperfectly  roasted  put  into  another  heap  with  fresh  ore. 

1  Vol.  i.  p.  28.  -  The  Mineral  Industry,  1894,  p.  4:59. 

^  5,000  Swedish  centners,  each  94i  lbs. 
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BoastirKj  in  Stalls 

This  form  of  roasting  used  to  be  carried  on  at  the  Isabella  Works 
at  Dillenburg,  and  the  Sesia  Works  at  Varallo  in  Piedmont.  At  the 
former  place  stalls  have  been  replaced  by  shaft  furnaces. 

At  the  Sesia  Works,^  the  pyrites  contained  from  1"20  to  1"44  per 
cent,  of  nickel.  It  was  roasted  in  stalls  about  18  feet  long,  10  feet 
broad,  and  10  feet  high,  with  two  fires.  The  charge  in  a  stall  Avas 
60  to  80  tons.     Two  tons  of  wood  were  required  to  roast  it. 

Roasting  in  Shaft  Furnaces 

At  the  Isabella  Works,  which  have  been  closed  for  a  long  time, 
the  pjT-ites  (averaging  3  per  cent,  of  nickel,  5  per  cent,  of  copper)  was 
roasted  in  kilns  about  6  feet  6  inches  high,  4  feet  6  inches  square  in 
section  at  the  upper  end,  and  2  feet  3  inches  square  at  the  lower  end. 
The  pyrites  is  laid  in  layers  alternately  with  lignite  to  ^ssist  the 
combustion.  The  gaseous  products  were  conducted  into  a  chimney 
40  feet  high,  and  from  2  to  3  tons  of  ore  were  roasted  in  24  hours. 

At  the  Gap  Mine  in  Pennsylvania  (^now  worked  out),  the  magnetic 
pyrites  with  1*75  per  cent.  Ni,  O'l  per  cent.  Co,  1  -^cr  cent.  Cu,  was 
roasted  in  kilns.^ 

/3.    SMELTING   OF   THE    ROASTED   ORE   TO    PRODUCE    COARSE    NICKEL 

MATTE 

Matte  can  be  produced  directly  without  roasting  when  ores  poor 

in  sulphur  arc  used.     This  was  formerly  done  at  Kragero  in  Norway, 

where  the  pyrites  containing  1*25  per  cent,  of  nickel  was  disseminated 

in  a  finely-divided  state  in  the  rock.    Generally,  the  ores  must  first  be 

roasted.    They  then  contain  a  mixture  of  oxides,  sulphates  and  unde- 

composed  sulphides  of  nickel,  copper  and  iron,  and  the  greater  part 

of  the  nickel  and  of  the  copper  is  combined  with  sulphur.     As  a  rule, 

metallic   arsenides   and    antimonides,  arseniates  and   antimoniates, 

quartz,  silicates  and  gypsum  arc  found  here.     Frequently  there  arc 

small  quantities  of  cobalt  as  sulphide,  oxide  and  sulphate. 

In  the  smelting  of  this  ore  with  coal  and  fluxes,  iron   should   be 

slagged  as  far  as  possible,  and  nickel,  cobalt  and  copper  collected 

into  a  matte.     The  iron  passes  into  the  slag  through  the  reduction 

of  ferric  oxide  to  ferrous,  and  the  combination  of  this  with  silica ; 

iind  also  by  the  decomposition  of  iron  sulphide  by  nickel  oxide,  in 

'  Berg.-und  Hiitten.  ZeitiuKj,  1878,  p.  185. 

-  Beri/.imd  Hiitten.  Ztitiouj,  1874,  p.  142;   187'),  p.  r)8. 
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the  presence  of  silica  and  coal.  This  is  also  brought  about  by  copper 
oxide  when  present.  Thus  the  nickel  and  copper  oxides  become 
sulphides,  a  corresponding  amount  of  iron  becomes  silicate.  Also 
nickel  silicate,  generally  formed  to  a  certain  extent,  undergoes  a 
■double  decomposition  with  iron  sulphide.  Copper  silicate  will  be- 
have in  the  same  way.  Cobalt  silicate  is  not  decomposed  by  iron 
sulphide  to  form  cobalt  sulphide.  Part  of  the  oxides  of  nickel  and 
copper  becomes  reduced  to  metal  by  carbon  monoxide  and  carbon. 
Metallic  nickel  dissolves  in  the  sulphide  of  nickel  present ;  copper 
•combines  with  sulphur  taken  from  iron  sulphide.  Iron  will  then 
be  separated  as  metal,  unless  the  iron  sulphide  is  reduced  to  the 
•combination  Fe^S,  a  compound  not  3^et  isolated.  Until  the  existence 
of  this  compound  is  proved  it  is  better  to  assume  that  iron  is  reduced 
to  metal.  This  will  dissolve  in  the  ordinary  monosulphide  as  nickel 
does  in  its  sulphide.  Further,  any  ferric  oxide  present  may  be  reduced 
by  the  metal  to  ferrous  oxide,  and  so  pass  into  slag.  Another 
portion  of  copper  oxide  reacts  with  sulphide,  as  in  the  English  copper 
smelting  process.  The  copper  thus  set  free  will  take  sul})hur  from 
iron  sulphide,  just  as  above.  Nickel  sulphate  will  be  reduced  to 
sulphide,  unless  the  heat  decomposes  it  into  nickel  monoxide,  sulphur 
dioxide  and  oxygen.  The  same  applies  to  copper  sulphate.  Part 
of  the  iron  sulphate  is  decomposed  into  ferric  oxide,  sulphur  dioxide 
and  oxygen  :  carbon  monoxide  converts  the  rest  of  it  into  ferrous 
oxide  and  sulphur  dioxide,  carbon  dioxide  being  meanwhile  formed. 

All  these  sulphides  of  nickel,  copper,  iron,  and  occasionally 
-cobalt,  whether  newly-formed  by  the  decomposition  of  sulphates,  or 
H)riginally  present  in  the  roasted  ore,  unite  to  form  a  matte.  So 
long  as  a  considerable  amount  of  iron  sulphide  is  present,  there  can 
be  but  a  small  quantity  of  nickel  as  silicate  in  the  slag,  for  the 
•double  decomposition  mentioned  above  takes  place  almost  com- 
pletely. The  same  will  apply  to  copper,  but  cobalt  silicate  will 
remain  in  the  slag. 

Antimoniates  and  arseniates  are  reduced  to  metal,  and  partly 
volatilise  as  such.  In  the  presence  of  undecomposed  pyrites  part 
of  the  arsenic  is  volatilised  as  sulphide.  The  remaining  arsenic 
and  antimony,  if  they  are  only  in  small  quantities,  pass  into  the  matte  ; 
otherwise  they  form  a  speiss,  combined  chiefly  with  nickel  and 
cobalt.  Any  gypsum  will  be  reduced  to  sulphide  of  calcium,  which 
acts  with  nickel  and  copper  oxides  like  iron  suljDhide  does. 

The  quartz  and  silicates  pass  into  slag.  In  case  the  oxide  of  iron 
in  the  charge  is  not  enough  to  slag  it  completely,  basic  slags  from  a 
subsequent  process  or  basic  ores  are  added,  while  if  the  base  prepon- 
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derates  in  the  charge  quartz  and  argillaceous  ores  are  added,  or  acid 
slags.  If  the  ores  have  been  roasted  too  strongly,  so  that  it  is  to  be 
feared  there  will  be  nickel  in  the  slag,  they  are  mixed  with  unroasted 
ore ;  and  ores  which  have  been  insufficiently  roasted,  and  which 
would  in  consequence  yield  a  large  quantity  of  matte  poor  in  nickel,, 
are  mixed  with  slags  which  contain  nickel. 

Whenever  possible  the  mixing  is  arranged  so  as  to  give  a  matte 
with  15  to  25  per  cent,  nickel.  But  with  the  usual  ores,  poor  in 
nickel,  a  matte  with  a  lower  percentage  must  be  aimed  at. 

The  slag  ma}'  contain  neither  too  much  nor  too  little  silica. 

Excess  makes  the  slag  less  fusible,  and  in  its  pasty  condition 
small  portions  of  matte  are  mechanically  enclosed  in  it ;  also  it 
requires  a  gi'eat  expenditure  of  fuel,  and  the  raised  temperature 
causes  the  reduction  of  iron  in  the  charge.  In"  the  same  way  as  iron 
is  reduced  in  the  blast  furnace  from  oxides  and  even  from  silicates, 
so  in  this  charge,  which  is  difficultly  fusible  owing  to  its  great 
proportion  of  silica,  iron  will  be  separated  as  metal,  and  with  it  a 
portion  of  nickel.  This  metal  sticks  fast  to  the  Avails  of  the  shaft 
furnace  as  the  so-called  "  sows,"  and  the  accumulation  of  these 
constricts  the  furnace.  In  practice  the  slag  is  never  allowed  to 
contain  above  42  per  cent,  of  silica. 

Too  little  silica,  which  is  the  same  as  too  much  iron,  in  the 
slag,  makes  its  density  gi'eater,  so  that  it  is  difficult  to  separate  it 
from  the  matte,  portions  of  which  are  mechanically  enclosed.  If 
the  furnace  is  of  masonry  the  brickwork  is  acted  upon,  and  the  slag, 
from  its  basic  nature,  is  able  to  take  up  the  silica  and  acid 
silicates.  But  further,  iron  is  readily  reduced  from  this  slag  so  rich 
in  iron,  and  again  sows  are  foniied  in  the  furnace,  and  shorten 
the  duration  of  a  campaign.  Although  too  small  a  proportion  of 
silica  is  not  so  injurious  as  too  much,  in  practice  it  is  advisable  not 
to  let  it  sink  below  24  j^er  cent.,  the  lowest  limit  being  18  per  cent. 

As  determined  by  practice,  the  most  judicious  percentage  of  silica 
is  between  24  and  36  per  cent. 

As  to  the  kind  of  silicates  present  in  the  slag,  they  are  between 
mono-  and  bi-silicates,  the  chief  base  being  ferrous  oxide.  In  some 
cases  there  may  be  only  mono-silicate,  or  a  mixture  of  sub-  and  mono- 
silicates.  Lime,  magnesia  and  alumina  may  be  present  as  bases  to  a 
certain  extent,  besides  ferrous  oxide.  A  relatively  small  quantity 
of  magnesia  and  alumina  will  make  the  slag  refractory,  while  lime 
may  be  present  in  larger  quantity. 

The  smelting  of  the  ore  takes  placu  in  shaft  furnaces.  V^ery 
recently  these  have  been  constructed  like  the  new  shaft  furnaces- 
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for  smelting  roasted  copper  ores  containing  iron,^  with  circular, 
elliptical  or  rectangular  horizontal  section.  By  their  use  the  same 
advantages  are  obtained  as  when  they  are  used  for  copper  ores,  namely 
greater  output  and  a  greater  economy  of  fuel.  Furnaces  of  this 
sort  are  therefore  used  largely  for  smelting  roasted  nickel  ores  con- 
taining sulphur.  At  the  Canadian  Copper  Co.'s  works  in  Sudbury 
a  Herreshof  furnace  is  used  with  a  water  jacket,  8  feet  10  inches 
high,  (j  feet  3  inches  in  the  longer  side,  and  3  feet  3  inches  in  the 
shorter  side  of  a  section  of  the  furnace  at  the  level  of  the  tuyeres. 
In  this  furnace  125  tons  of  ore  are  smelted  in  24  hours. 

The  height  of  the  furnace  depends  on  the  amount  of  iron  in  the 
charge,  and  the  kind  of  fuel.  The  higher  it  is  the  easier  will 
reduction  of  iron  take  place.  The  greater  the  amount  pf  iron 
therefore  the  lower  the  furnace.  When  wood  charcoal  is  used  tl^e 
furnaces  are  built  higher  than  with  coke  under  similar  circumstances  ; 
for  the  combustion  of  wood  charcoal  draws  quickly  upward,  and 
thus  with  a  low  furnace  part  would  be  burned  uselessly'  at  the  top. 

Usually  the  height  varies  from  6|  to  20  feet.  With  coke  it 
seldom  goes  beyond  14|  feet,  from  bottom  to  throat ;  with  wood 
charcoal  it  may  be  20  feet.  The  height  from  the  tuyeres  up  to  the 
throat  is  from  6|  to  10  feet  with  coke,  from  13  to  16|  feet  with  wood 
charcoal.  In  the  Herreshof  furnace  at  Sudbury,  with  water  jacket 
and  elliptical  cross  section,  and  burning  coke,  the  height  from  the 
tuj'ere  level  to  the  throat  is  6|  to  10  feet. 

The  cross  section  should  be  circular,  rectangular,  or  oval.  The 
pressure  of  the  draught  varies  betw^een  ^  inch  and  2  inches  of 
mercury,  except  in  extraordinary  cases.  The  diameter  of  the 
furnace,  or  the  shorter  side  of  the  rectangle,  at  the  level  of  the 
tuyeres,  is  from  2  feet  6  inches  to  4  feet  4  inches,  and  a  little  greater 
at  the  throat.  It  varies  according  as  the  ore  is  more  or  less  fusible, 
and  as  the  pressure  must  be  low  or  high.  (For  the  structure  and 
dimensions  of  the  furnace  see  under  copper  smelting.^) 

The  tuyeres  are  distributed  as  symmetricalh'  as  possible  round 
the  circumference  of  the  tuyere  level.  In  old  furnaces  the  tuyeres 
were  in  the  back  wall  of  the  furnace.  The  blast  is  supplied  usually 
by  a  Root's  blower,  and  is  not  heated  for  fear  of  promoting  reduction 
of  the  iron. 

The  arrangement  of  the  furnace,  when  there  is  much  iron  present, 

is  best  as  spurqfen,  for  if  the  molten  mass  remains  too  long  in  the 

furnace,  there  will  be  a  separation  of  iron,  and  sow^s  may  form  on 

the  furnace  walls.     The  receivers   {simrticgel)  to  collect   the   matte 

1  Vol.  i.  p.  90.  2  Ibid. 
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are  lined  with  brick,  or  brasque  of  clay  and  coal-dust.     Iron  faniiot 

be  used,  as  it  is  readily  acted  on  by  the  matte. 

In  Sweden  (Klefva,  Sagniyrna)    furnaces  have    also    been    used 

built  on  the  sumpf-ofcn  pattern. 

The  construction  of  the  water-jacket  furnace  used  at  Sudbury  is 

shown  in  Figs.  318,  319.1 

Xis  the  water  jacket  made  of  steel  plate.     The  water  space,  lo, 

within  it  is  about  2  inches  wide.     U'la  the  blast-pipe.    The  furnace  is 

built  with  an  independent 
forehearth  (spnrofeoi).  The 
molten  mass  flows  out  of  it 
through  the  water-jacketted 
pipe  i,  made  of  bronze,  into 
the  collecting  cistern  T  carried 
on  wheels.  The  collecting 
cistern  is  surrounded  by  a 
water-jacket  at  the  sides,  has 
a  movable  lid,  and  a  fire-clay 
bottom.     The  slag  runs  out  at 


Fig.  318. 


the  u})i)er  exit  S  (slag-notch),  while  the  matte  is  tapped  through  the 
tap-hole  t,  provided  also  with  a  double- walled,  cooled,  bronze  pipe. 
The  bottom  of  the  furnace  is  formed  of  a  circular  plate,  on  top  of 
which  is  a  thin  layer  of  sand,  and  then  a  course  of  fire-brick. 
Above  this  a  portion  of  the  fused  charge,  reaching  to  the  lower 
level  of  the  tap-hole,  is  allowed  to  solidify,  and  over  this  latter 
the  fused  ma.ss  flows  through  the  tap-hole  into  the  receiver.  During 
the  working  the  molten  mass  is  continuously  above  the  tap-hole, 
so  that  the  blast  cannot  blow  out  there.  During  the  tapping  the 
slag  hole  is  stopped  by  clay,  so  here  also  the  blast  cannot  escape. 
In  other  furnaces  of  this  kind  the  horizontal  section  has  the  shape 
of  a  rectangle  with  rounded  corners.  At  the  tuyere  level  the  long 
'■  See  also  vol.  i.  Fig.s.  90  and  91. 
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side  is  6  feet,  the  short  side  3  feet.  The  tuyeres  are  twelve  alto- 
gether, five  in  each  long  side,  one  in  each  short  side.  The  height  of 
this  furnace  from  tuyeres  to  mouth  is  about  6^  feet. 

The  working  is  carried  on  just  the  same  as  in  the  smelting  of 
roasted  copper  ores.  The  ju-oducts  are  matte  and  slag.  If  the 
charge  contains  much  iron,  iron  sows  will  form  containing  a  con- 
siderable quantity  of  nickel.  The  matte  contains  from  3*5  to  25  per 
cent,  of  nickel,  according  to  the  nature  of  the  original  ore,  and  the 
Sort  of  roasting  it  had ;  the  smallest  proportion,  3'25  per  cent.,  being 
found  in  the  matte  formerly  produced  at  Kragero,  in  Norway,^ 
where  the  ores  were  smelted  without  roasting. 

At  Klefva  in  Sweden,'^  the  ores  had  the  following  composition  : — 


Ni  . 
Co  . 
Fe  . 
Mn  . 
Cu  . 
S  .  . 
SiOj. 
AI2O3 
CaO. 
MgO 


First  quality. 

Percentage. 

2  03 

0-10 

57-68 

012 

0-.38 

33-52 

0-40 

0-2(J 

0-12 

0  09 


Second  quality. 
Percentage. 

1-08 

0-07 
43-24 

0-20 

103 
24-45 
14-75 

4-32 

2-73 

2  04 


The  matte  produced  contained  : — 


Ni 
Cu 
S 
Fe 


Percentage. 

4-70 

2 -.30 
31-05 
61-95 


per" 


The  matte  obtained  at  Sagmyrna  from  similar  ores  contains  5 
cent,  nickel. 

The  magnetic  pyrites  used  at  the  Ringerick  Works,^  Norway, 
contains  from  0-42  to  1-75  per  cent,  nickel,  and  the  matte  formed  from 
it  from  5  to  6  per  cent,  nickel,  and  from  3-6  to  3-8  per  cent,  copper. 
According  to  Schweder'*  the  composition  of  the  matte  is  :^ 


r. 

II. 

s 

.    .          26-5 

28-30 

Fe 

.    .          59-62 

55-30 

Ni 

5-7 

6-01 

Cu 

.    .            3-65 

3-80 

Residue   .    ,    .    . 

.    .            3-88 

5-92 

At  the  Sesia  Works  the  pjTites  contained  2'2  per  cent,  nickel,  the 
matte  7  per  cent. 

At  the  Isabella  Works  at  Dillenburg  the  ore  formerly  used,  which 

^  Balling,  AletaUhUttenkunde,  p.  570,  and  above,  p.  520.         -  Ibid.  p.  568. 
^  Schweder,  B.  mid  H.  Zeiinng,  1879,  pp.  18,  79,  106,  122. 
*  Schweder,  B.  wid  H.  Zeitmuj,  1878,  p.  423. 
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consisted  of  iron  pyrites  containing  nickel,  copper  pyrites  and 
terpentine,  contained  3  per  cent,  nickel  and  5  per  cent,  copper ;  the 
matte  had  the  following  composition  : — ^ 

Xi.  Cu.  Fe.  s. 

1 19-44  .  .  22-30  .  .  35-20  .  .  22-00 

II 14-30  .  .  14-92  .  .  44-90  .  .  2604 

III 18-11  .  .  13-39  .  .  42-46  .  .  2604 

IV 1303  .  .  16-55  .  .  42-80  .  .  27-82 

At  Sudbury,  at  the  present  time,  the  matte  contains  15  to  25 
per  cent,  nickel. 

The  specimens  of  this  matte  sent  to  the  Chicago  Exhibition  con- 
tained— ^ 

Ni 18 — 25  per  cent. 

Cu 20—25 

Fe 25—35 

S 20—30 

Ahn  ^  gives  the  composition  of  a  Sudbury  matte  as 

Ni 15-5  per  cent. 

Cu 27 

Fe 30 

S 26 

Co,  Pt,  Ag,  Au 1-5 

Sulphur  in  nickel  matte  forms  protosulphides  with  copper 
and  silver  (Cu^S,  Ag2S),  and  monosulphides  with  nickel  and  iron 
(NiS,  FeS).  If,  as  is  often  the  case,  there  is  not  enough  sulphur  to 
form  these  two  latter  sulphides,  the  excess  of  the  metals  is  dis.solved 
in  their  monosulphides  when  in  the  molten  condition ;  this  is 
according  to  Schweder's  researches.*  On  cooling  they  separate 
out.  According  to  Schweder  the  existence  of  any  sub-sulphides  of 
nickel  and  iron  is  improbable. 

The  composition  of  the  slags  lies  between  mono-  and  bi-silicates, 
as  already  mentioned ;  and  it  may  even  decrease  in  proportion  of 
silica  to  a  mixture  of  sub-  and  mono-silicate.  With  good  manage- 
ment slags  contain  so  little  nickel  that  they  can  be  thrown  away. 
The  author  can  offer  only  a  very  few  complete  analyses  of  slag. 

A  slag  formerly  produced  at  the  Isabella  Works  had  the  following 
composition : — ^ 

SiOj 38  56  per  cent. 

AljOa 7.61 

FeO 35-64 

CaO 13-55  ,, 

MgO 4-79 

^  Schnabel,  Preuns.  Zeitschr.  1866,  p.  108, 

*  V.  Ehrenweith,  Dan  Berfj.  und  Hiittenioesen  auf  dtr  Weltaitsstellung  hi  Chicago. 
Wien,  1895.  »  V.  Ehrenwerth,  lor.  at. 

*  Schweder,  Berg,  luul  Hiitttn.  Ztitung,  1878,  p.  409. 
'-  Kerl,  Mttallhiitltukundt,  p.  542. 
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Tht'  proportion  of  nickel  is  not  given ;  it  is  said  to  have  been 
very  small  and  only  mechanically  enclosed  in  the  form  of  matte. 

The  slag  at  the  Ringerick  Works  in  Norway  contained  0"108  per 
cent.  Ni,  and  0*08  per  cent.  Cu  according  to  Schweder.^ 

The  slag  at  Sudbury  is  said  to  possess  a  composition  between 
mono-  and  sesqui-silicate,  and  to  contain  0'4o  per  cent.  Ni  and  0*4 
per  cent.  Cu.  One  specimen  contained  38  per  cent.  SiOg,  43  per 
cent.  FeO,4-5  percent.  CaO,  10  per  cent.  AUO^,  2  percent.  S,  0'45  per 
<;ent.  Ni,  0'4  per  cent.  Cu,  and  2"5  jier  cent.  MgO. 

These  slags  are  partly  thrown  away,  partly  added  again  in 
.similar  smeltings,  or  in  the  concentration  processes  for  the  matte. 

The  iron  sows  are  chiefly  composed  of  metallic  iron,  mixed 
with  nickel  and  copper,  and  also  with  sulphur,  carbon,  silicon,  arsenic 
and  antimony  compounds.  Iron  and  nickel  are  present,  owing  to 
the  reduction  of  their  oxides,  or  by  separation  from  the  fused  matte, 
•which  contains  great  excess  of  these  metals. 

An  iron  sow  from  Dillenburg  contained  : — 

Ni 4 '85  per  cent. 

Cu 1-40 

Fe 88  17 

Co       0-0.} 

S 4-05 

SiOo 2-11 

One  from  the  Ringerick  Works  Schweder  gives  as  having : — 

S 10"34  per  cent. 

Ni 18-11 

Cu 2-7 

Fe 68-85 

If  nickel  is  to  be  extracted  from  these  sows,  they  are  exposed  to  a 
blast  on  hearths,  or  smelted  in  reverberatory  furnaces  with  metallic 
sulphides,  or  worked  up  by  wet  methods. 

EXAMPLES  OF  THE  SMELTING  OF  ROASTED  ORE  INTO  MATTE 

At  the  Isabella  Works  -  the  ores  were  roasted  in  kilns  ;  they  con- 
tained before  roasting  3  per  cent.  Ni  and  5  per  cent.  Cu,  the  gangue 
being  calc  spar  and  diorite.  They  were  worked  into  matte  in  a  low 
blast  furnace,  5  feet  high,  2  feet  4  inches  broad,  and  2  feet  4  inches 
deep,  which  was  constructed  as  a  spurofen  with  double  slag  notches 
(the  so-called  brillenofen),  with  one  tuyere  in  the  back  wall,  and  was 
worked  "  with  a  nose."  The  pressure  was  from  0'6  to  0"65  in.  of 
mercury.     The  charge  consisted    of  100   parts   roasted  ore  and  63 

^  Loc.  cif.  ^  Schiiabel,  lor.  cit. 
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of  ore  slag.  In  24  hours  2"2  tons  of  roasted  ore  were  smelted.  The- 
consumption  of  coke  was  70  per  cent,  of  the  matte  produced.  Out 
of  100  parts  ore,  30  of  matte  were  obtained  with  from  13  to  19 
per  cent.  Ni.     The  composition  of  the  slag  is  given  above. 

At  Klefva,  in  Sweden,^  the  ores  above  mentioned  with  from  lOH 
to  2"3  per  cent.  Ni,  after  a  previous  roasting  in  heaps,  were  smelted 
in  sumpf  furnaces  with  five  tuyeres,  coke  and  wood  charcoal  being  the 
fuel.  The  furnaces  had  an  oblong  horizontal  section  about  4  feet  broad 
b}'  3  feet  3  inches  deep.  The  forehearth  extended  3  feet  beyond  the 
breast  of  the  furnace.  The  height  of  the  coke  furnace  was  12  feet 
G  inches,  that  of  the  wood  charcoal  furnace  19  feet  6  inches.  The 
charge  was  roasted  ore  and  a  little  unroasted,  impure  ore -slag,  and 
slag  from  the  concentration  of  matte.  In  24  hours  34  tons  of  charge- 
were  worked.  Out  of  this,  6"3  tons  of  matte  were  obtained,  containing 
47  per  cent,  nickel.  There  are  no  figures  given  for  fuel  consump- 
tion. The  length  of  a  campaign  is  2  months  when  coke  is  used,. 
6  months  with  wood  charcoal.  According  to  Badoureau,  at  Sagmp-na 
in  Sweden,"  the  ores  contained  in  the  unroasted  state  0"6  per 
cent,  of  nickel  and  07  per  cent,  of  copper ;  they  were  roasted  in  heaps 
and  then  smelted  in  furnaces,  of  which  the  horizontal  section  was  a 
trapezoid,  13  feet  6  inches  in  height  (12  feet  6  inches  from  the  level 
of  the  tuyeres  to  the  mouth),  and  3  feet  2  inches  across  from  front  to 
back.  The  number  of  tuyeres  was  5,  three  in  the  back  wall,  and 
one  in  each  side  wall.  (The  other  measurements,  the  blast-pressure 
and  the  type  of  furnace  are  not  stated  in  the  original  paper).     In 

24  hours  10  to  12  tons  of  ore  were  smelted,  but  the  consumption  of 
fuel  is  not  stated.  The  resulting  matte  contains  on  the  average 
4  per  cent,  of  nickel  and  4-5  per  cent,  of  copper. 

At  the  Ringerick  Works,^  the  raw  ore  contained  on  the  average 
173  per  cent,  of  nickel,  081  per  cent,  of  copper,  and  30  per  cent,  of 
gangue.  It  was  roasted  in  heaps,  and  smelted  in  shaft  furnaces  G  feet 
(j  inches  high,  3  feet  3  inches  deep,  3  feet  3  inches  wide,  constructed 
as  sumpfofen,  with  3  tuyeres  (1  in  the  back,  1  in  each  side) ;  the 
matte  contained  from  5  to  6  per  cent,  of  nickel,  and  from  3*6  to  3'8 
per  cent,  of  copper.     The  charge  contained : — 100  parts  roasted  ore, 

25  parts  slag,  21  parts  coke. 

The  (piantity  put  through  and  the  pressure  are  not  given.  A 
campaign  lasted  three  weeks.  After  this  time  the  bed  of  the  furnace 
was  so  thickly  encrusted  with  sows  of  iron  that  the  work  had  to  be 
suspended  until  they  were  removed. 

^  Balling,  MetcdlhiUtenkunde,  p.  566. 

^  Bery.  nnd  H'utten.  Zeitung,  1878,  p.  186.  ^  Scliweder,  loc.  cit. 
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At  Kragero,  in  Norway,^  ores  which  iinroasted  contained  1'25 
per  cent.  Ni  were  smelted  in  blast  furnaces  about  8  feet  high,  refinery 
slag  being  added  to  them  (slag  from  the  refining  of  the  matte),  and 
the  product  resulting  contained  3|  per  cent,  of  nickel. 

At  the  Sesia  Works  ( Varallo  in  Piedmont)  -  the  ores  are  siliceous, 
and  contain  from  1*2  to  1"44  per  cent,  of  nickel.  They  are  smelted  in 
hrillcndfen,  6  feet  G  inches  high,  20  inches  wide,  and  24  inches  deep, 
with  one  tuyere  in  the  back,  2  inches  diameter  at  the  nose,  with  a 
wind  pressure  of  If  in.  mercury.  The  matte  contained  7  per  cent,  of 
nickel.  In  1878  the  charge  consisted  of: — 100  parts  roasted 
ores,  28  parts  limestone,  25  parts  clay,  37  parts  slag  from  the  con- 
centration or  refining  process  ;  15  parts  coke  are  used  to  100  parts 
charge.  In  24  hours  5"4  tons  of  charge  are  put  through.  100  parts 
ore  gives  32  matte,  and  150  slag. 

At  Sudbury^  the  ores  contain  on  the  average  3  per  cent,  of  nickeL 
and  undergo  a  single  roasting  in  heaps.  They  are  then  smelted  in 
Herreshof  water-jacket  furnaces,  round  or  elliptical,  constructed  as 
S'purofcn,  and  provided  with  a  movable  fore-hearth  running  on 
Avheels.  These  furnaces  are  from  6  feet  6  inches  to  10  feet  high 
from  the  tuyeres  to  the  mouth.  To  the  ores  is  added  a  slag  con- 
taining nickel  from  the  Eessemerising  of  the  matte.  The  product 
contains  from  15  to  25  per  cent,  of  nickel,  and  from  20  to  27  per 
cent,  of  copper.  The  water  jacket  keeps  the  temperature  so  low  that 
the  formation  of  iron  sows  is  much  diminished  or  altogether  avoided. 

At  the  works  of  the  Canadian  Copper  Company*  125  tons  of  ore 
are  smelted  in  24  hours  in  Herreshof  furnaces  about  9  feet  high,  6  feet 
3  inches  in  the  longer  side,  and  3  feet  3  inches  in  the  shorter  side,  at 
the  level  of  the  tuyeres.  The  consumption  of  fuel  is  15  per  cent.  The 
roasted  ore  has  such  a  composition  that  no  additions  are  necessary. 
The  15  tons  of  matte  obtained  contains  from  20  to  25  per  cent,  of 
copper,  from  18  to  23  per  cent,  of  nickel,  and  from  20  to  30  per  cent, 
of  sulphur.  From  selected  rich  ores  a  matte  is  frequently  obtained 
with  52  per  cent,  of  nickel. 

1  Dingier,  vol.  •229,  p.  376. 

^  Badoureau,  Aiuiales  des  Mines,  1877,  p.  237.  Berg.  ii.  Hiitten.  Zeitung,  1878, 
p.  186. 

^  Knut  Styffe,  Oesterr.  Zeitung,  1894,  p.  309.     Ehrenwerth,  loc.  cit.  p.  368. 

■*  Mineral  Industry,  p.  459,  1894.  Trans.  Amer.  Inst.  Mining  Engineers,  1889. 
Levat,  "  M^moires  sur  les  Progr^s  de  la  Metallurgie  du  Nickel,"  A nn.  des  Mines,  1892 
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h.   THE    REMOVAL   OF    IRON    FROM   THE    COARSE    MATTE,   OR    ITS 

REFINING 

If  the  matte  contains  copper,  it  is  worked  up  into  a  copper-nickel 
alio}',  or  into  nickel  oxide,  or  into  nickel ;  if  it  is  free  from  copper  it 
is  worked  up  into  nickel  oxide  or  nickel.  In  either  case  the  material 
must  first  be  freed  from  iron  and  converted  into  a  nickel-copper 
matte  without  iron,  or  a  nickel  matte  free  from  iron. 

The  latter  is  completely  roasted,  and  either  sent  into  market  in 
that  condition,  as  nickel  oxide,  or  the  oxide  converted  into  metal  by 
reduction. 

If  the  nickel-copper  matte  is  to  be  used  for  alloys,  it  is  com- 
pletely roasted  and  then  reduced.  But  if  it  is  to  be  converted  into 
oxide  for  the  production  of  pure  nickel,  it  must  be  first  treated  to- 
free  it  from  copper,  then  completely  roasted,  and  the  oxide  reduced 
to  metal,  or  else  the  roasted  product  sent  to  market  as  it  is. 

When  the  coarse  matte  is  poor  in  nickel,  or  in  nickel  and  copper,, 
it  may  be  necessary  to  go  through  concentration  processes  first,  and 
in  these  processes  some  of  the  iron  may  be  removed  at  the  same- 
time. 

We  must  then  distinguish  : — 

i.  The  conversion  of  coarse  matte  containing  copper  into  copper- 
nickel  matte. 

ii.  The  conversion  of  coarse  matte  free  from  copper  into  fine 
nickel  matte. 

Most  ores  contain  copi3er,  and  therefore  produce  copper-nickel 
matte.  As  a  rule  it  is  converted  into  a  fine  copper-nickel  matte,, 
which  can  be  used  to  make  alloys.  But  if  from  this  matte  a  nickel 
or  nickel  oxide  free  from  copper  is  to  be  obtained,  special  processes 
are  necessary.     They  are  to  be  found  below. 

i.   THE   CONVERSION   OF   COARSE   MATTE   CONTAINING  COPPER   INTO 
FINE    COPPER    NICKEL   MATTE 

This  conversion,  the  so-called  "  refining  "  of  the  matte,  entails 
smelting  with  oxidation  in  ore  hearths,  reverberatory  furnaces,  or 
Bessemer  converters  (to  get  rid  of  iron).  If  the  matte  is  too  poor  to- 
be  subjected  to  refining  at  once  (as  is  the  case  with  the  Scandinavian 
products),  refining  is  jjreceded  by  concentration  or  enrichment, 
during  which  a  great  portion  of  iron  is  removed.  Such  concentration 
entails  roasting  followed  by  smelting  in  shaft  furnaces,  or  more 
rarely  in  reverberatory  furnaces ;  or  sometimes  a  simple  smelting  in 
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reverberatory  furnaces  without  preliminary  roasting.     We    further 
distinguish 

a.  Concentration  processes  performed  on  poor  matte. 

/3.  Refining  of  the  matte,  original  or  concentrated. 

a.    CONCENTRATION   OF    POOR   MATTE 

This  consists  in  an  oxidising  roasting,  followed  by  a  smelting  of 
the  product  with  coal,  and  bodies  containing  silica,  in  blast-furnaces, 
or  in  reverberatory  furnaces ;  or  else  in  a  single  operation  only — an 
oxidising  fusion  in  a  reverberatory  furnace.  The  roasting  must  be 
conducted  so  that  in  the  subsequent  reduction  the  greater  part  of  the 
iron  passes  into  the  slag,  leaving  the  whole  of  the  nickel  and  copper 
and  part  of  the  iron  in  the  matte.  The  nickel  and  copper  content 
of  this  should  be  enriched  as  far  as  is  jjossible  without  slagging  any 
considerable  amount  of  nickel.  Only  most  exceptionally  is  the  con- 
centration process  repeated  on  this  product. 

cm.  Roasting  the  Coarse  Matte 

This  roasting  can  be  conducted  in  heaps,  stalls,  shaft  furnaces, 
reverberatory  furnaces  or  muffle  furnaces. 

The  chemical  changes  are  the  same  as  on  roasting  the  ore.  The 
product  consists  of  a  mixture  of  nickel  monoxide,  cupric  oxide,  ferric 
oxide  and  magnetic  iron  oxide,  undecomposed  sulphides  and  small 
quantities  of  sulphates. 

Roasting  in  heaps  has  the  disadvantages  already  detailed  under 
roasting  of  ore.  The  gaseous  products  are  discharged  into  the  air, 
and  as  repeated  operations  are  required,  much  valuable  capital  is  thus 
compelled  to  lie  idle.  It  has  the  advantage  that  the  roasted  product 
passes  into  the  blast  furnace  in  large  pieces.  It  is  best  if  carried  on 
in  sheds  protected  by  a  roof,  to  avoid  the  washing  away  of  nickel  and 
copper  sulphates  by  rain.  The  operation  is  conducted  similarly  to  ore 
roasting ;  but  as  the  amount  of  sulphur  is  smaller,  and  the  amount  of 
foreign  minerals  to  be  got  rid  of  is  less,  the  heaps  are  also  smaller 
than  ore-heaps  (from  50  to  200  tons).  For  a  complete  desulphurisation 
of  the  matte  3  or  5  burnings  are  usually  required.  In  the  last  one 
combustible  material  (wood  and  wood  charcoal)  is  laid  in  layers  in 
the  heaps,  to  obtain  sufficient  heat.  The  well  roasted  part  of  the 
ore  is  picked  out  after  each  burning,  the  superficial  layers  and  the 
badly  roasted  parts,  after  the  pieces  are  broken  up,  are  taken  with 
badly  roasted  ore  from  other  heaps  to  a  new  heap.     The  bed  of  the 
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heap  is  made  of  brushwood,  and  coal,  or  of  billets  of  wood.  The 
heaps  burn  several  weeks  or  months,  according  to  their  size  and  the 
amount  of  sulphur  in  the  matte. 

Such  roasting  in  heaps  can  take  place  only  in  places  where  the 
noxious  gases  may  be  passed  into  the  air,  and  where  sulphuric  acid 
has  no  value.     Such  was  the  case  in  Sweden  and  NorAvay. 

Roasting  in  stalls  is  not  cheaper  than  in  heaps,  and  endangers 
the  health  of  the  worker  when  the  stalls  have  to  be  emptied.  Never- 
theless with  a  right  management  of  the  air-supply  it  can  be  carried 
on  more  quickly  than  the  other  method,  and  it  possesses  this  advan- 
tage that  all  noxious  effects  of  the  gases  can  be  lessened  or  removed 
by  the  use  of  high  chimneys.  By  this  method,  too,  the  roasted  matte 
enters  the  furnace  in  large  pieces.  Here  again  several  burnings  are 
necessary  if  the  sulphur  is  to  be  completely  got  rid  of 

These  stalls  have  been  used  in  Sweden,  Norway  and  Piedmont. 
In  Klefva  ^  each  holds  50  tons  matte.  The  roasting  lasts  5  or  6 
weeks.  In  Sagmyrna  (Sweden)  a  stall  holds  25  tons,  and  the  matte 
goes  through  four  or  five  burnings. 

In  the  Sesia  works  at  Varallo  -  the  matte  is  roasted  four  times 
in  stalls,  in  charges  of  20  tons.  Each  roasting  lasts  5  to  8  days.  At 
the  last  roasting  coke  is  introduced  in  layers.  One  ton  of  wood  is 
used  to  roast  20  tons  of  matte. 

At  the  Scopello  works  in  Piedmont^  there  are  Wellner  stalls  for 
this  roasting  of  matte.  These  are  stalls  without  a  grate,  but  with  a 
sloping  bottom,  which  has  fireplaces  in  one  of  the  narrower  sides.  The 
length  of  a  kiln  is  from  8  to  10  feet  inside,  width  10  to  11^  feet.*  It 
has  four  fireplaces,  and  holds  about  25  tons  of  matte.  The  matte  at 
these  works  requires  two  to  four  burnings.  The  roasting  of  one 
charge  lasts  15  houi's. 

Roastiwj  in  shaft  furnaces  is  suitable  when  the  gases  have  to  be 
rendered  innocuous,  or  can  be  converted  into  sulphuric  acid.  The 
necessary  condition  is  that  the  matte  should  not  sinter  easily.  In 
that  case  the  roasting  of  this  matte  can  be  carried  on  in  kilns  in  a 
similar  way  to  the  roasting  of  copper  and  lead  matte.  Up  till  now 
this  method  of  roasting  has  not  been  used. 

Roasting  in  reverheratory  furnaces  is  the  best  way  if  the  gaseous 
products  can  be  ignored.  The  roasting  is  completed  in  the  shortest 
time,  and  it  can  be  stopped  at  the  exact  point.  Nevertheless,  it  has 
the  drawbacks  that  there  is  a  comparatively  large  consumption  of 
fuel,  and  that  the  matte  must  be  in  small  pieces,  and  therefore  passes 

1  Balling,  loc.  cit.  ^  Badoureau,  Btn/.  und  Hiitten.  Ztitumj,  1878,  p.  186. 

3  Badoureau,  loc.  cil.  *  See  vol.  i.  p.  43. 
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in  this  form  into  the  blast  furnaces  for  smelting.  The  noxious  effect 
of  the  gases  is  diminished  by  the  use  of  very  high  chimneys. 

The  same  sort  of  reverberatory  furnaces  that  an;  described  in. 
Vol.  I,  for  the  roasting  of  copper  matte,  are  suitable  for  this  roasting. 
Such  a  method  Avas  used  at  the  Isabella  works  at  Dillenburg.^ 

The  matte  there  contained  from  13  to  20  per  cent.  Ni,  from  16  to 
23  per  cent.  Cu,  and  from  22  to  27  per  cent.  S.  It  was  roasted  in 
hand-worked  short  reverberatory  furnaces  of  the  form  and  dimensions 
of  the  lower  portion  of  the  old  double  Mansfield  furnace.  A  charge 
of  half  a  ton  was  roasted  in  10  hours ;  for  this  half  ton  one-fifth  of 
a  ton  of  coal  was  needed,  and  71  per  cent,  of  the  sulphur  was  got  rid 
of  in  the  roasting. 

The  roasting  is  carried  on  with  greater  advantage  in  long-bedded 
calcining  furnaces,  and  mechanical  calciners,  than  in  those  of  the 
ordinary  type. 

Muffie  furnaces  facilitate  the  use  of  the  gases  for  sulphuric  acid 
manufacture ;  but,  like  reverberatory  furnaces,  entail  a  preliminary 
reduction  of  the  matte  to  small  size,  and  a  large  consumption  of  fuel. 
Up  till  now  they  have  not  been  used  for  this  purpose.  They  would 
be  suitable  if  the  gaseous  products  were  to  be  utilised,  and  for  a 
matte  that  sinters  easily  and  so  does  not  lend  itself  to  roasting  in  a 
shaft  furnace. 

hb.  Smelting  of  Roasted  Coarse  Matte  into  Concentrated  Matte 

This  smelting  is  carried  on  in  blast  furnaces  or  reverberatory 
furnaces.  It  consists  in  the  smelting  of  oxides,  sulphates  and 
undecomposed  sulphides  of  the  various  metals.  Reverberatory  fur- 
naces are  used  in  England ;  the  others  in  Scandinavia  and  on  the 
continent.  Reverberatory  furnaces  have  this  advantage,  that  there 
is  no  formation  of  iron  sows. 

Smelting  of  Boasted  Matte  in  Blast  Furnaces 

The  furnaces  are  of  the  same  type  as  for  ore  smelting.  They 
must  not  be  too  high,  as  otherwise  the  reducing  action  of  the  carbon 
monoxide  is  too  powerful,  so  that  sows  are  formed.  To  decrease 
the  probability  of  sows  the  furnace  is  arranged  as  a  S'purofen, 
generally  a  double  gutter  furnace  with  two  eyes,  the  so-called  hrillen- 
ofen  or  spectacle  furnace.  The  fixed  fore-hearth  and  the  crucible 
arrangement  are  both  conducive  to  the  formation  of  sows. 

1  Schnabel,  loc.  cit. 
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For  the  slagging  of  the  iron,  acid  slag  from  the  working  of  the 
ore  is  added,  or  quartzose  ore,  or  ore  mixed  with  acid  silicates  in  such 
a  way  that  a  monosilicate  slag  results.  The  blast  pressure  is  0'6 
to  1"2  in.  mercury.  The  chemical  changes  are  just  the  same  as  in  the 
smelting  of  roasted  ore,  except  that  there  is  no  earthy  matter  to 
pass  into  slag. 

The  products  are  concentrated  matte,  slag,  and  frequently  iron 
sows  as  well.  If  this  concentrated  matte  is  still  poor  in  nickel,  as 
used  to  be  the  case  at  some  of  the  Scandinavian  works,  the  processes 
of  roasting  and  smelting  must  be  repeated.  In  this  repetition  the 
iron,  down  to  a  small  fraction,  is  separated  from  the  matte,  and  this 
latter  is  dead  roasted  and  afterwards  converted  into  copper-nickel. 
This  method  of  getting  a  matte  free  from  iron  is,  however,  unsatis- 
factory in  its  results,  takes  up  much  more  time,  and  is  more  costly 
than  the  refining  of  the  concentrated  matte  described  below. 

At  Dillenburg,  at  the  Isabella  works,  the  coarse  matte  contained 
from  13  to  19  per  cent.  Ni,  from  14  to  22  per  cent.  Cu,  and  from  35 
to  '4'4  per  cent.  Fe.  The  concentrated  matte  obtained  from  it  had 
the  following  composition  : — ^ 


1. 

II. 

III. 

Cu 

.    .    .          3449 

35-68 

49-66 

Ni 

.    .    .          -28  GO 

.32-93 

30-19 

Fe 

.    .    .          15-58 

13-03 

9-24 

S 

.    .    .          21-15 

18-17 

10-91 

At  Klefva,  in  Sweden,  the  concentrated  matte  contained  from  52 
to  57  per  cent.  Ni ;  22  to  28  per  cent.  Cu. 

At  Sagniyrna,  in  Sweden,  its  composition  was :  from  25  to  26  per 
cent.  Ni,  from  25  to  30  per  cent.  Cu,  26  per  cent.  Fe,  and  from  25  to 
30  per  cent.  S. 

At  Kragero,  in  Norway  :  30  per  cent.  Ni,  and  15  per  cent.  Cu. 

At  Sesia  works.  Piedmont :  from  28  to  32  per  cent.  Ni,  from  48 
to  52  per  cent.  Fe,  and  20  per  cent.  S. 

At  St.  Blasien :  from  24  to  26  per  cent.  Ni. 

In  such  concentrated  matte  nickel  and  iron  exist  partly  as  mono- 
sulphides,  partly  as  separated  metals  dissolved  in  these.  In  the 
cooling  of  the  fused  matte  the  metals  frequently  separate  out  in 
large  crystals.  A  very  poor  concentrated  matte  was  produced  at  the 
Ringerick  works,  in  Norway.^  The  original  coarse  matte  contained 
5  or  6  per  cent,  nickel;  the  concentrated,  from  10  to  12  nickel  and 
from  7  to  10  per  cent,  copper;  apparently  this  resulted  from  very 

1  Sclmabcl,  loi'.  cil.  "  Schweder,  lor.  rif. 
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incomplete  roasting  of  the  matte.  According  to  Ebermayer  the  slag 
from  the  concentration  process  from  the  Aurora  works  at  Gladenbach 
had  the  following  composition  : —  ^ 

Silica 39-368 

Alumina 9*696 

Ferrous  oxide 36"859 

Cupric  oxide 0"521 

Nickelous  oxide 1-137 

Magnesia 6-871 

Lime 5-865 

Potash 0-207 

Soda 0-994 

A  specimen  of  the  slag  at  Klefva  had  this  composition  : —  '^ 

Silica 28-09 

Alumina 3-50 

Ferrous  oxide 60-52 

Cobaltous  oxide      ^ 

Nickelous  oxide       >    .     .     .     .  1-44 

Manganous  oxide  J 

Sulphur 0*58 

This  slag  is  added  to  the  ore  in  ore-smelting  to  recover  the  nickel 
contained. 

The  iron  sows  have  a  similar  composition  to  those  formed  in 
ore  smelting.  One  at  the  Ringerick  works  contained  20  per 
cent,  nickel  and  1-5  per  cent,  copper.  These  are  put  in  with  the  ore 
in  ore  smelting,  or  worked  upon  the  refining  hearths. 

At  Klefva,  in  Sweden,^  the  coarse  matte  was  roasted  in  stalls.  It 
contained  before  roasting  from  3  to  4  per  cent,  of  nickel ;  it  was 
smelted  in  a  blast  furnace  about  5  feet  high,  with  one  tuyere  in  the 
back  wall.  The  product  contained  from  45  to  57  per  cent,  of  nickel ; 
the  coke  used  was  25  per  cent,  of  the  roasted  coarse  matte :  quartz 
was  added  to  the  charge. 

At  the  Ringerick  nickel  works  in  Norway  the  coarse  matte  con- 
tained from  5  to  6  per  cent,  of  nickel.  It  was  smelted  in  blast 
furnaces  6^  feet  high,  and  gave  a  concentrated  matte  with  from  10  to 

^  Schnabel,  loc.  cit.  ^  Kerl,  MetaUhuttenknnde,  p.  54.3. 

^  Balling,  loc.  cit. 
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1*2    per   cent,    nickel,  and    from    7    to    10   per   cent,   copper.      The 
charge  was: — 

100  parts Roasted  matte. 

25     ,, Slap^. 

6  to  7 Sand. 

5     „ Lime. 

22     „      .......  Coke. 

The  campaigns  of  the  furnace  lasted  only  8  to  10  days,  owing  tO' 
the  formation  of  iron  sows  rich  in  nickel  (19  or  20  per  cent.).  At 
Kragero,  in  Xorway,^  the  original  matte  contained  from  3  to  4  per 
cent,  of  nickel ;  after  roasting  it  was  smelted  in  a  blast  furnace  about 
4  feet  3  inches  high,  38  inches  wide,  and  25  inches  deep.  The  con- 
centrated product  contained  30  per  cent,  of  nickel  and  15  per  cent. 
of  copper.  This  matte  was  roasted  and  then  smelted  in  the  same 
furnace,  and  was  converted  into  a  matte  with  60  per  cent.  Ni,  30  per 
cent.  Cu,  and  10  per  cent.  S.  This  last  was  completely  roasted,  and 
smelted  to  copper-nickel. 

At  the  Sesia  works  at  Yarallo,^  Piedmont,  the  raw  matte  contained 
7  per  cent,  of  nickel  and  cobalt ;  it  was  smelted  in  a  blast  furnace  \N-ith 
the  addition  of  42  per  cent,  quartz,  and  the  product  was  a  matte 
with  from  28  to  32  per  cent.  Xi,  from  48  to  52  per  cent.  Fe,  and  20  per 
cent.  S.  The  daily  output  was  85  tons  ;  100  parts  coarse  matte  gave 
22  parts  concentrated  To  get  100  parts  of  the  latter  17 "5  parts  of 
coke  were  used  (dimensions  of  furnace  not  given). 

At  the  Isabella  Works  in  Dillenburg  the  original  matte  contained 
from  13  to  19  per  cent,  of  nickel,  and  was  roasted  in  reverberatories. 
It  was  smelted  in  blast  furnacas  to  a  concentrated  matte,  with  from 
28  to  30  per  cent.  Xi,  and  from  34  to  49  per  cent.  Cu.  The  furnaces 
were  low  blast  furnaces,  with  one  tuyere  in  the  back  wall,  5  feet 
high,  2  feet  4  inches  -snde  and  deep,  arranged  as  "  h'illenofcn.'^ 
The  blast  was  1"6  inches  mercur}'.  The  campaigns  lasted  from  14 
days  to  3  weeks.  From  100  parts  coarse  matte  32  parts  concentrated 
matte  used  to  be  obtained.  In  24  hours  125  tons  of  the  roasted 
matte  was  put  through.  The  quantity  of  coke  is  55  per  cent,  of 
coarse  matte ;   this  is  very  high,  and  is  caused  by  the  low  furnace. 

Smelting  Roasted  Matte  in  Reverberatory  Fui'uaces 

These  reverberatory  furnaces  are  arranged  just  as  those  for  the 
concentration  of  cupper  matte  after  the  English  method.''     To  the 

^  Dingier,  vol.  229,  p.  376.  ^  Badpureau,  he  cit. 

^  Vide.  vol.  i  p.  129  c/  neq. 


NICKEL  53T 

roasted  matte  there  is  added  a  certain  quantity  of  quartz,  or  glass,  to 
slag  the  iron.  The  iron  is  partly  slagged  by  the  action  of  the  quartz, 
lining  of  the  hearth. 

The  chemical  changes  in  the  smelting  of  the  roasted  matte, 
already  referred  to,  are  as  follows.  Ferric  oxide  is  reduced  to  ferrous 
oxide  by  the  undecomposed  sulphide  of  iron  present ;  this  passes 
into  the  slag,  and  sulphur  dioxide  is  formed ;  a  further  quantity  of 
sulphide  of  iron  is  changed  to  ferrous  oxide  by  the  nickel  and  copper 
oxides,  and  also  slagged,  the  oxides  of  these  metals  meanwhile- 
becoming  sulphides  ;  further  copper  oxide  and  undecomposed  copper 
sulphide  give  metallic  copper  and  sulphur  dioxide.  This  copper  is 
reconverted  into  sulphide  at  the  expense  of  some  iron  sulphide. 
The  iron  thus  separated  is  partly  taken  up  by  the  matte,  partly  acts 
upon  a  corresponding  amount  of  feme  oxide,  giving  more  ferrous 
oxide  to  be  slagged.  There  is  no  action  between  nickel  oxide  and 
sulphide.  The  various  metallic  sulphides  unite  to  form  the  conceu; 
trated  matte. 

This  method  of  concentration  was  formerly  used  at  Sagmyrna,  ii> 
Sweden,  where  the  matte,  containing  from  13  to  14  per  cent,  of  nickel, 
was  first  treated  with  dilute  sulphuric  acid  to  separate  some  of  the 
iron  ;  then  roasted,  and  smelted  in  reverberatories  with  a  quartz  fiux,. 
giving  a  matte  of  35  per  cent.  Ni,  40  per  cent.  Cu  and  04  per  cent.  Fe. 

The  Oxidation  of  Coarse  Matte  in  Reverheratory  Furnaces 

This  is  done  in  the  same  manner  as  the  oxidising  of  copper  matte- 
in  England.  The  unroasted  matte  is  charged  in  a  reverheratory  furnace 
on  a  sand  bed,  and  first  subjected  to  a  partial  roasting,  which  removes 
part  of  the  sulphur  and  oxidises  the  iron ;  then  the  temperature  is 
raised  and  the  whole  smelted  with  the  addition  of  sand.  The  iron 
passes  into  the  slag,  and  the  nickel  and  copper  present  form  a  matte. 
The  process  is  finished  when  samples  from  the  furnace  show  that  the^ 
greater  part  of  the  iron  has  been  removed.  It  lasts  about  8  hours. 
In  England  a  furnace  produces  2  tons  of  matte  daily,  with  consumption 
of  2  tons  of  coal.  Matte  is  obtained  with  only  from  2|  to  3  per  cent, 
of  iron.  The  slag  contains  from  2  to  2|  per  cent,  of  nickel.  This 
is  added  to  first  ore-smel tings.  By  the  repetition  of  the  oxidation 
(which  may  be  looked  upon  as  the  refining  of  the  matte)  the  pro- 
portion  of  iron  is  brought  down  to  0'5  or  0*75  per  cent.^ 

1  Levat,  Ann.  dtx  Mine><,  1892,  Bk.  2,  pp.  141—244. 
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/S.  THE  REFINING  OF  THE  COARSE  MATTE  OR  THE  CONCENTRATED 

MATTE 

The  refining  of  the  matte  with  sufficient  content  of  nickel  consists 
in  an  oxidising  fusion,  by  which  the  iron  sulphide  is  converted  into 
ferrous  oxide  and  slagged  off.  Iron  may  also  be  removed  by  roasting, 
followed  by  reduction  in  a  blast  furnace,  or  by  repetition  of  these 
operations.  But  this  latter  method  is  lengthy,  expensive  and  less 
complete  than  the  purifying  by  oxidising  fusion.  Also  iron  can  be 
removed  by  roasting  the  matte,  and  smelting  the  product  in  reverbe- 
ratory  furnaces.  But  this  way  is  also  more  expensive  than  the 
simple  oxidising  fusion  of  unroasted  matte. 

The  smaller  the  quantity  of  iron  to  be  removed  from  the  matte, 
the  quicker  and  the  less  attended  by  loss  is  the  oxidising  fusion. 
Samples  with  less  than  16  per  cent,  of  nickel  are  rarely  subjected  to 
this  process,  and,  if  it  was  desired  to  prevent  great  loss  of  nickel  in 
the  slag,  would  give  a  matte  still  containing  an  appreciable  quantity 
of  iron,  which  would  neces.sitate  a  second  purification. 

The  plant  for  the  oxidising  fusion  consists  of  hearths,  converters 
or  reverberatory  furnaces.  In  hearths  only  small  quantities  of  matte 
can  be  worked.  The  use  of  them  renders  a  large  consumption  of 
fuel  and  labour  necessary.  They  have  been  used  in  Scandinavia 
and  on  the  Continent,  but  have  fallen  into  disuse  owing  to  these 
drawbacks. 

Converters  ])ermit  the  working  of  large  quantities  of  matte  in  the 
shortest  time,  and  need  only  a  very  small  quantity  of  fuel  to  fuse  the 
matte  (if  this  is  not  run  directly  into  the  converters  in  the  liquid 
state  from  the  furnaces  in  which  it  is  produced),  and,  further,  they 
ensure  a  more  complete  separation  of  arsenic  and  antimony  than 
hearths  and  reverberatory  furnaces.  But  they  demand  a  blast  with 
high  pressure,  and  much  fire-proof  material  for  lining  and  renewing 
linings,  whilst,  during  the  operation,  large  quantities  of  sulphur  dioxide 
are  .set  free,  which  it  is  most  difficult  to  prevent  being  noxious. 

In  spite  of  these  objections  they  are  preferred  to  reverberatory 
furnaces,  wherever  power  is  cheap,  impure  mattes  have  to  be  treated, 
and  fuel  is  dear  whilst  refractory  materials  are  cheap.  They  are 
used  with  good  result  at  Sudbury,  in  Canada,  and  on  the  Continent. 

Reverberatory  furnaces  can  be  managed  more  cheaply  than 
hearths,  and  use  raw  fuel.  The  gases  produced  are  comparatively 
poor  in  sulphur  dioxide,  and  can  be  rendered  harmless  by  passing 
into  high  chiirmcys.  They  are  used  where  converters  are  not  con- 
venient from  the  noxious  nature  of  their  gases,  or  from  not  being 
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adapted  for  small  production ;  and  where  coal  is  veiy  cheap.     They 
are  specially  used  in  England. 

The  chemical  changes  in  these  various  arrangements  are  the 
same,  only  they  take  place  more  rapidly  in  the  converters  than  in 
the  other  forms. 

The  iron  is  converted  into  ferrous  oxide  by  the  oxygen  of  the  air, 
and  slagged  by  the  silica  of  the  furnace  lining,  or  by  siliceous  matters 
added.  Besides  the  iron  a  certain  amount  of  nickel  and  of  copper 
is  oxidised,  to  the  lower  oxide  in  each  case.  Nickel  monoxide  with 
iron  sulphide  forms  nickel  sulphide  and  ferrous  oxide.  Cuprous 
oxide  and  copper  sulphide  form  copper  and  sulphur  dioxide,  cuprous 
oxide  and  iron  sulphide  form  copper  sulphide,  iron,  ferrous  oxide 
and  sulphur  dioxide.  Separated  copper  takes  sulphur  from  any  iron 
sulphide  remaining,  and  sets  iron  free,  which  passes  into  the  matte. 

Finally  there  results  a  matte  of  nickel  and  copper  sul^jhides  with 
only  a  fraction  of  a  per  cent,  of  iron. 

Refining  of  the  Matte  in  Hearths 

The  hearth  is  constructed  exactly  like  the  small  refining  hearth 
used  for  copper.^  It  consists  of  a  cavity,  hollowed  in  powdered 
quartz  or  sandstone,  hemispherical  in  shape,  and  over  it  is  a  chimney- 
hood.  It  contains  according  to  size  from  IJ  to  5  cwt.  of  matte.  In 
front  of  the  hearth  there  is  generally  a  small  slag  hearth,  in  which 
the  slag  from  the  former  collects.  The  nickel-copper  matte  is  either 
run  off  by  a  tap-hole  in  the  deepest  part  of  the  hearth  into  a  cavity 
in  front,  or  else  taken  out  of  the  hearth  after  cooling.  There  is 
one  tuyere  in  the  back  wall  of  the  hearth  ;  it  has  an  inclination  of 
Irom  22°  to  32°. 

At  the  Isabella  works  the  hearth  of  powdered  sandstone  was 
about  14J  inches  in  diameter,  84  inches  deep.-  The  charge  was 
187  lbs.     The  pressure  was  1'2  inches  mercury. 

After  the  hearth  was  properly  dried  by  wood  charcoal,  the 
concentrated  matte  was  melted  with  coke.  After  the  lapse  of  If 
hours  the  melting  was  comjjlete.  The  fuel  was  then  removed,  and 
the  slag  floating  on  the  surface  of  the  matte  blown  cold  and 
removed.  Again  fuel  was  piled  up,  and  the  oxidising  blast  used 
until  again  a  certain  quantity  of  slag  had  collected,  when  it  was 
removed  in  the  same  way.  The  indication  that  iron  was  wholly 
removed  from  the  matte  was  the  appearance  of  an  enamel-like 
lustre  in  the    solidified  slag :   this  generally  appeared  f  hour  after 

1  Vol.  i.  p.  171.  ^  Schnabel,  foe.  cif. 
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complete  fusion.  The  working  of  one  charge  lasted  2i  hours.  After 
the  stoppage  of  the  blast  the  nickel-copper  matte  was  run  into  a 
cavity,  lined  with  brasque,  in  the  bottom  of  the  hearth,  whereby  it 
took  the  form  of  a  slab  4  feet  3  inches  long,  1  foot  broad,  and  2  inches- 
thick.  On  the  average  13|  cwt.  of  matte  were  blown  in  24  hours. 
Out  of  100  parts  concentrated  matte  (vdth.  from  28  to  32  per  cent. 
Ni  and  from  34  to  49  per  cent.  Cu)  there  were  obtained  62  parts- 
nickel-copper  matte  with  from  39  to  42  per  cent.  Ni  and  from  40 
to  42  per  cent.  Cu.  For  100  parts  of  this  latter,  72  of  coke  were- 
required,  and  two  men  worked  one  hearth.  The  approximate  com- 
position of  the  nickel-copper  matte  is  to  be  seen  from  the  follomng 
analyses  by  Fresenius  : — 

I  II  III 

Cu      42-81  44-7(1  40-72 

Ni  .    .    ; 40-97  39-68  42-38 

Co 0-26  0-64  0-78 

Te 0-23  0-20  0-48 

Sb 0-04  0-90  1-22 

As 0-16  0-07  0-04 

S 1519  13-55  13-95 

Ecsidual  matter     .      0-04  0-02  0-14 

This  matte  consisted  of  a  mixture  of  metallic  sulphides  and 
metals,  the  latter  including  arsenic  and  antimony.  It  may  be  seen 
that  the  iron  is  reduced  to  a  mere  fraction  per  cent.  It  is  hardly 
wise  to  attempt  to  remove  this  last  trace,  as  a  considerable  quantity 
of  nickel  would  thus  be  slagged  off. 

Further,  arsenic  and  antimony  remain  in  appreciable  proportion 
in  this  matte.  The  refining  slag  contains  nickel,  partly  chemically 
combined,  partly  mixed  mechanically,  on  account  of  its  high  specific 
gravity. 

The  composition  of  such  a  slag  at  the  Aurora  Works  at  Gladen- 
bach,  where  refining  is  carried  on  in  the  same  way  as  at  Dillenburg,. 
is  shown  by  the  following  analysis  by  Ebermayer : — 

8iO, 3G-291 

AUO.j 10-710 

Feb      4,S-()90 

CuO 1-074 

NiO      2-142 

CoO 0-2()2 

MgO 0-309 

CaO .    .  0-080 

Alkali        v"    .i  .■  .  Traces. 

At  the  Isabella  Works  the  loss  of  metal  in  refining  was  19  per 
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■cotit.  of  copper  and  4*9  per  cent,  of  nickel.    These  metals  were  for  the 
most  part  recovered,  inasmuch  as  the  slag  is  added  in  smelting  ore. 

At  Klefva,^  the  hearth,  made  of  quartz-sand,  took  a  charge  of 
about  5i  cwt.  The  tuyere  had  an  inclination  of  32°.  To  slag  the 
ii'on  quartzose  sand  was  thrown  from  time  to  time  on  to  the  molten 
charge.  Wood  charcoal  was  used  as  fuel.  The  refined  matte,  known 
IIS  garstein,  had  the  following  composition  : — 

Ni 6106 

Cu 30-73 

S 7-79 

Fe 0-42. 

At  the  Ringerick  Works,^  a  poor  matte  containing  only  from  10 
to  12  per  cent,  of  nickel  and  from  7  to  10  per  cent,  of  copper  was 
treated  in  the  hearth.  The  matte  resulting  contained  so  much  iron 
that  it  had  to  undergo  further  refining,  which  was  carried  on  in  a  re- 
verberatory  furnace.     The  matte  refined  on  the  hearth  contained : — 

Ni from  40  to  50  per  cent. 

Cu     .    . „      20  „  30 

Fe „        6  „  10 

S „      20  „   22 

Refining  of  Matte  in  Reverhcratory  Furnaces 

The  reverberatory  furnaces  for  this  purpose  are  constructed  like 
those  used  in  England  for  refining  copper  matte.  The  hearth  is 
made  of  quartz.  Quartz  and  also  some  heavy  spar  are  added  to  slag 
the  iron. 

Silica  reacts  with  barium  sulphate  to  form  barium  silicate  and 
set  free  sulphur  trioxide,  decomposed  into  the  dioxide  and  oxygen.^ 
Oxygen  thus  formed  seems  to  have  a  specially  marked  action  on  iron 
:sulphide.  Since  oxidation  in  a  reverberatory  furnace  is  less  strong 
than  in  hearth  furnaces  and  converters,  there  is  frequently  obtained 
a  matte  with  2"5  to  3  per  cent,  iron ;  in  which  case  the  process  is 
repeated.  Also  arsenic  and  antimony  are  not  so  easily  got  rid  of 
as  they  are  in  hearths,  and  much  less  easily  than  in  converters. 

The  process  is  generally  so  arranged  that  there  is  at  first  a 
Tsomewhat  low  temperature,  as  in  the  roasting  fusion  of  copper 
matte,  so  that  a  sort  of  roasting  of  the  matte  takes  place ;  after  the 
^^iddition  of  quartz  sand,  the  temperature  is  raised. 

^  Balling,  loc.  cit.  ^  Schweder,  loc.  cit.  ^  Schweder,  loc.  cit. 
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The  process  is  used  in  England  and  on  the  Continent.  In 
Enghmd,^  it  is  carried  on  in  two  operations ;  the  first  has  already 
been  spoken  of  under  concentration  of  coarse  matte,  and  yields  a. 
concentrated  matte  with  from  2'5  to  3  per  cent,  of  iron.  The  second 
operation  (refining  proper)  is  conducted  exactly  like  the  first  (after 
the  principle  of  the  roasting  fusion  of  copper  matte),  and  yields  a 
matte  with  from  0'5  to  0'75  per  cent,  of  iron.  The  proportion  of 
sulphur  in  the  refined  material  must  be  at  least  16  per  cent.,  in  order 
that  it  may  be  readily  crushed  down  to  the  size  necessary  for  the 
later  dead  roasting.  The  length  of  each  operation  is  about- 
8  hours.  During  one  day  2  tons  of  matte  are  worked  up  in  the 
furnace,  consuming  an  equal  weight  of  coal.  The  slag  which  hold* 
from  2  to  2i  per  cent,  of  nickel  is  added  in  a  first  smelting  operation. 

At  the  Ringerick  Works,  a  matte  Avhich  was  at  one  time  refined 
in  reverberatory  furnaces  after  having  been  purified  by  a  blast 
contained  from  40  to  50  per  cent.  Xi,  from  20  to  30  per  cent.  Cu,. 
and  from  6  to  10  per  cent.  Fe.  To  every  100  parts  of  this  garstein 
were  added  from  45  to  60  parts  heavy  spar,  and  from  20  to  30  parts 
sand.  The  filing  was  continued  until  the  evolution  of  gases,  chiefly 
sulphur  dioxide,  was  finished.  Then  the  slag  was  drawn  off,  and 
the  refined  matte  tapped. 

According  to  Wagner,  it  is  possible  to  obtain  a  matte  almost  free 
from  iron  by  smelting  matte  already  purified  by  the  blast  with  a 
mixture  of  saltpetre  and  soda,  either  in  crucibles  or  in  rever- 
beratory furnaces.  A  matte  containing  2532  per  cent.  Ni,  37"65 
per  cent.  Cu,  10"58  per  cent.  Fe,  and  26*45  S.,  yielded,  when  smelted 
with  15  per  cent,  mixed  saltpetre  and  soda,  a  matte  with  40*93  per 
cent.  Ni,  58*64  per  cent.  Cu,  0*25  per  cent.  Fe,  and  0*18  per  cent.  S. 
This  method  appears  not  to  have  come  into  use,  for  economic  reasons. 

Refininfj  of  Matte  in  Converters. 

"The  converters  are  constructed  like  those  for  purifying  copper- 
matte  by  the  blast,-  and,  like  them,  have  quartz  linings.  The 
openings  of  the  tuyeres  at  the  sides  must  lie  at  a  certain  distance 
above  the  bottom.  If  the  blast  entered  through  the  bottom  of  the 
converter,  the  nickel-copper  matte  collected  there  would  soon  be 
solidified.  The  matte  is  run  directly  into  the  converter  out  of  the 
furnace  in  which  it  was  produced,  or  else  melted  beforehand  in  a 
cupola  furnace.  The  charge  in  the  converter  is  about  one  ton  of 
matte;  the  pressure  up  to  16  in.  mercury.  During  the  blow  quartz- 
sand  is  added,  to  slag  the  iron  and  save  the  lining.  The  length  of 
'  Levat,  loc.  nt.  ^  Vol.  i.  p.  158. 
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the   blow  varies,  according  to   the  content  of  iron,  from  25   minutes 
to   H   hours. 

With  matte  containing  36  per  cent,  of  iron  the  time  of  the  blow  is 
1  hour  20  minutes  (at  the  works  near  Havre).  When  the  proportion 
of  iron  has  gone  down  to  0*5  per  cent.,  the  blast  is  stopped  and  the 
matte  poured.  The  slag  remaining  from  this  process  is  pasty,  and 
contains  from  2  to  15  per  cent,  of  nickel,  as  well  as  2  per  cent,  of 
copper,  partly  as  silicates,  partly  enclosed  mechanically.  This  is 
returned   to  the   ore-smelting  process. 

At  Sudbury  the  coarse  matte  treated  in  converters  contains  from 
IG  to  25  per  cent,  of  nickel,  from  20  to  27  per  cent,  of  copper,  and 
from  25  to  35  per  cent,  of  iron.  The  matte  should  contain  a  certain 
amount  of  sulphur  (IC  per  cent.)  in  order  that  it  may  be  readily 
broken  up  for  the  ensuing  roasting. 

Attempts  to  separate  metallic  nickel  by  further  application  of  the 
blast  to  the  matte  after  the  iron  has  been  removed,  have  been 
unsuccessful,  because  nickel,  up  to  a  certain  stage,  is  more  easily 
oxidised  than  ♦sulphur,  and  because  the  heat  set  free  by  the  oxida- 
tion of  the  sulphur  is  not  sufficient  to  fuse  and  to  keep  fused  the 
nickel  with  its  high  melting  point. 

In  illustration  of  the  Bessemer  method  we  may  quote  the 
Canadian  Copper  Company's  works  at  Sudbury,  and  the  works  at 
Havre  (France). "^  The  plant  of  the  former  consists  of  three  con- 
verters, of  which  one  only  is  in  operation  at  one  time,  while  a  second 
is  being  given  a  new  lining,  and  the  third  stands  ready  to  start.  In 
this  arrangement  25  tons  matte,  which  has  been  fused  in  cupola 
furnaces,  is  treated  in  24  hours,  and  yields  15  tons  refined  matte. 
The  iron  is  almost  completely  removed,  while  the  proportion  of 
nickel  is  increased  to  40  per  cent.,  and  that  of  copper  to  45  per  cent. 
Sulphur  is  removed,  except  5  to  15  per  cent.  The  refined  matte  is 
tapped  out  of  the  converter  and  cast  into  square  slabs  about  3 
inches  thick  and  3  feet  in  the  side. 

There  are  no  special  indications  in  the  flame  for  the  disappear- 
ance of  iron  and  the  commencement  of  the  slagging  of  the  nickel. 
Normally  the  slag  does  not  contain  more  than  2  per  cent,  of  copper 
and  3-5  per  cent,  of  nickel.  The  average  composition  of  the  refined 
matte  is 

Cu 43-36  per  cent. 

Ni 39-96       „ 

Fe 0-3 

S 13-76 

1  T.  Ulke,  The  Mineral  Industry,  1894,  p.  460. 
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It  also  contains  7  oz.  of  silver  per  ton,  O'l  to  0*2  oz.  of  gold,  and  0"5 
■oz.  of  platinum. 

At  the  Havre  works  ^  the  converter  holds  only  1  ton.  The  blast 
})ressure  is  16  in.  of  mercury.  Quartz  sand  is  added,  as  soon  as  the 
temperature  is  high  enough,  to  slag  the  iron.  If  the  content  of  iron 
in  the  matte  does  not  exceed  36  per  cent.,  the  operation  is  over  in 
80  minutes.  If  the  percentage  of  iron  is  larger,  it  is  necessary  to  tap 
•out  the  iron  slag  first  formed  at  the  end  of  25  minutes,  and  then 
continue  the  blow  with  the  addition  of  more  sand.  As  soon  as  the 
oxidation  of  nickel  begins,  the  operation  is  stopped.  The  refined 
matte  contains  0"5  per  cent,  of  iron.  The  slag  is  difficultly  fusible 
and  contains  14  to  15  per  cent,  of  nickel,  chiefly  in  mechanically 
-enclosed  portions  of  matte.  Part  of  this  latter  can  be  removed  from 
the  bottom  of  the  slag-pots  in  metallic  bottoms.  The  slag  is  returned 
to  the  ore-smelting. 

ii.    THE   CONVERSION    OF   COARSE   MATTE    FREE    FROM    COPPER   INTO 

REFINED   MATTE  ^ 

If  the  coarse  matte  is  free  from  copper  or  contains  only  a  very 
«mall  quantity  of  it,  there  is  only  the  iron  to  be  got  rid  of,  with  its 
•equivalent  of  sulphur.  In  this  case  the  conversion  differs  in  no  par- 
ticular from  the  conversion  of  the  coarse  matte  containing  copper 
into  nickel-copper  matte.  It  is  just  in  the  same  way  subjected  to 
oxidising  fusion  in  hearths,  reverberatory  furnaces  or  converters,  and, 
when  necessary,  concentrated  in  a  similar  manner  before  this  oxidising 
fusion.  The  chemical  reactions  are  also  the  same,  with  this  excep- 
tion, that  those  involving  copper  and  its  compounds  do  not  take 
place.  As  the  occurrence  of  a  sulphuretted  nickel  ore  free  from 
copper  is  rare,  this  refining  process  is  rarely  carried  on.  In  Europe 
the  operation  is  at  present  performed  in  reverberatory  furnaces  after 
the  manner  of  a  roasting  fusion.  This  is  described  for  nickel-copper 
matte  on  page  541,  and  need  not  be  repeated.  The  matte  obtained 
contains  roughly  75  per  cent.  Ni,  24  per  cent.  S,  0'5  per  cent.  Fe, 
and  0*5  per  cent  other  impurities. 

C.    THE    CONVERSION    OF   NICKEL-COPPER    MATJ'E    INTO    COPPER- 
NICKEL   ALLOYS 

This  conversion  consists  of  a  roasting  to  convert  nickel  and  copper 
into  oxides,  and  a  subsequent  reduction  of  the  mixed  oxides  with  or 
without  fusion,  to  an  alloy  of  the  two  metals. 

'  T.  Ulke,  The  Mineral  Indiu^trt/,  1894,  p.  4GG. 
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a.    ROASTING   THE    MATTE 


It  must  be  dead  roasted.  To  this  end  it  is  powdered  as  finely 
as  possible,  and  then  twice  roasted  in  a  reverberatory  furnace. 
Oxidising  material,  such  as  saltpetre,  is  frequently  added  in  the 
second  roasting.  Long-bedded  calciners,  as  also  short  hand-worked 
reverberatory  furnaces,  are  used  for  this  operation. 

At  Klefva,  in  Sweden,^  one  of  the  former  kind,  with  sloping  hearth, 
was  used;  it  held  four  roasting  charges,  of  1\  cwt.  each.  At 
Gladenbach,'  in  Nassau-Hesse,  a  furnace  was  used  with  a  rectangular 
hearth  about  45  square  feet  in  area,  with  a  single  working  opening 
and  two  flues.  The  greatest  height  of  the  arch  of  the  furnace  above 
the  bed  was  14  inches  ;    the  charge  was  4  cwt. 

During  the  first  roasting  sulphur  was  removed,  down  to  1  per 
cent.  The  roasted  matte  was  pulverised,  and  then  further  roasted  to 
remove  the  last  portion  of  sulphur.  The  first  roasting  lasted  6  to  12 
hours,  the  second  6  to  8  hours.  According  to  Levat,  the  consump- 
tion of  fuel  for  1  ton  of  refined  matte  was  ■§-  ton  of  coal  in  the  first 
roasting,  and  1^  tons  in  the  second.  The  result  of  the  roasting  was 
a  mixture  of  cupric  oxide  and  nickel  monoxide,  which  had  a  dark 
grey  to  black  colour  according  to  the  proportion  of  copper. 

At  the  Aurora  works  at  Gladenbach  ^  about  4  cwt.  of  pulverised 
matte  was  spread  out  on  the  hearth  an  inch  or  inch  and  a  half  deep, 
and  roasted  for  12  hours,  with  continuous  raking  through,  and  occa- 
sional turning.  To  prevent  sintering  of  the  material  the  tempera- 
ture was  lowered  at  the  beginning  of  the  roasting,  and  not  allowed 
to  rise  above  dull  redness  until  the  end,  when  it  was  brought  to  a 
bright  redness.  Sulphur  was  removed  in  this  first  roasting  do^\^l  to 
I  per  cent. 

The  product  was  powdered  and  then  subjected  to  an  8  hours 
roasting  in  the  same  furnace  with  the  addition  of  saltpetre  and  soda. 
At  first  the  temperature  was  raised  to  a  bright  redness,  but  finally 
brought  to  a  white  heat  to  completely  decompose  the  sulphates 
formed.  During  this  second  roasting  arsenic  and  antimony  were 
converted  into  arseniates  and  antimoniates  by  the  saltpetre  and 
soda,  and  these  were  removed  by  washing  with  water  before  further 
treatment. 

At  Klefva  ^  the  roasting  was  carried  on  in  furnaces  with  inclined 
hearth.  In  these,  four  charges,  each  of  2i  cwt.,  were  put  through. 
Wood  was  used  as  fuel.     In  the  first  roasting,  one  charge  (2|  cwt.) 

^  Balling,  loc.  cit.  '  Sclinabel,  lor.  rit. 

^  Schnabel,  Preus.^.  Ministerialzdtschrift ,  1866,  p.  1.37.  *  Balling,  loc.  cit. 
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^vas  put  through  in  about  -i  hours ;  in  the  second  roasting,  in  the 
space  of  about  8  hours. 

At  the  Ringerick  works  in  Norway  ^  sulphur  was  removed  down 
to  2  or  4  per  cent,  in  the  first  roasting.  In  the  second,  10  per  cent, 
by  weight  of  calcined  soda  and  5  per  cent,  of  saltpetre  were  added  to 
the  already  roasted  matte.  The  salts  thus  formed  were  leached  out 
by  water  from  the  product. 

According  to  Levat  the  refined  matte  is  completely  roasted  in 
two  oi^erations  in  the  new  works  in  England  and  on  the  Continent. 
During  the  first,  sulphur  is  removed  down  to  1  per  cent.,  in  the 
second  at  the  most  only  0'004  per  cent,  remains.  The  first  operation 
is  carried  on  in  a  long-bedded  calciner  33  feet  long  and  8  feet  broad 
with  four  working  doors  in  the  long  side.  The  matte,  crushed  between 
rolls,  is  put  into  the  furnace  in  charges  of  about  16  cwt.,  and  spread 
on  the  bed  to  a  depth  of  two  inches.  The  temperature  at  first  is  kept 
down  to  dull  redness  to  avoid  sintering,  and  raised  to  bright  redness 
at  the  close  of  the  operation.  The  product  is  drawn  out  at  the 
firebridge.  The  length  of  the  operation  is  about  6  hours  for  matte 
containing  copper,  and  8  hours  if  free  from  copper,  as  the  nickelous 
sulphide  is  more  difficult  to  decompose  than  copper  sulphide.  The 
<juantity  put  through  in  24  hours  is  2h  tons  for  .first  charge,  or 
36  cwt.  for  second,  with  a  fuel  consumption  of  2  tons  of  bituminous 
coal.     The  furnace  is  tended  daily  by  three  men. 

The  product,  which  contains  about  1  per  cent,  sulphur  due  to  the 
presence  of  undecomposed  lower  sulphides  and  basic  salts,  is  crushed 
as  fine  as  possible  by  rolls,  sieved,  and  put  for  a  second  roasting 
into  a  furnace  as  wide  as  that  described  last,  but  much  shorter.  The 
charge  is  half  a  ton  of  the  preceding  product,  which  is  completely 
roasted  at  a  bright  red  heat  in  6  hours.  Every  24  hours  3  tons  of 
coal  are  used.  The  furnace  is  tended  by  two  men  in  a  day.  The 
oxide  now  resulting  should  not  contain  more  than  0004  per  cent, 
sulphur.  It  is  black  if  copper  is  present,  and  greenish-grey  if  it  is 
not. 

fi.     KEDUCTION    OF    COMPLETELY    ROASTED   NICKEL-COPPER    MATTE 
TO   COPPER-NICKEL   ALLOYS 

The  mixture  of  cupric  and  nickelous  oxide  is  reduced  to  a  copper- 
nickel  alloy.  The  process  can  be  carried  on,  so  that  either  an  alloy 
without  fusion  is  obtained  in  powder,  dust  or  cubes,  or  so  that  the 
alloy  is  obtained  fused. 

Nickel  monoxide  is  reduced  at  a  strong  red  heat,  without  being 
^  Schweder,  loc.  cit. 
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fused  at  that  temperature.  Cui)ric  oxide  is  reduced  at  a  still  lower 
temperature. 

The  formation  of  alloy  in  the  form  of  powder  or  cubes  takes  place 
in  muffles,  in  crucibles,  or  in  tubes,  while  the  production  of  fused 
alloy  takes  place  in  shaft  furnaces. 

To  make  the  powder  the  oxides  are  mixed  with  powdered  coal 
and  pressed  tight  in  graphite  crucibles  ;  to  make  cubes  they  are 
made  into  a  stiff  paste  with  viscid  carbonaceous  substances  (syrup, 
raw  sugar)  with  the  addition  of  water,  made  into  flat  cakes,  and 
lastly  divided  into  little  cubes  of  0*4  to  0"6  inch  side.  These  are 
ignited  with  powdered  coal  in  crucibles  or  tubes. 

To  make  the  fused  alloy  the  oxides  are  smelted  with  charcoal  in 
a  little  shaft  furnace. 

At  Klefva^  the  oxides  were  reduced  in  the  form  of  powder  in 
graphite  crucibles  in  quantities  of  about  19  lbs.  The  crucibles  were 
heated  for  12  hours  in  a  wind  furnace  which  held  from  8  to  12  pots. 
The  pulverised  alloy,  which  was  a  commercial  product,  had  the 
following  composition  : — 

I.  II. 

Ni 60-25 66-46 

■Cu 38-85 32-.33 

Fe 0-64 0-70 

S        —      0-08 

At  the  Ringerick  works  the  moist  oxides  were  mixed  with  raw 
.sugar,  made  into  cubes,  dried,  and  placed  in  crucibles  in  layers  with 
powdered  coal,  and  kept  at  a  white  heat  for  5  hours.  The  cubes 
obtained  were  emptied  into  an  iron  box,  in  which  they  were  cooled, 
then  separated  from  coal  by  sieving,  and  finally  polished  with  water 
in  a  rotating  drum. 

At  the  Victoria  works  in  Silesia  ^  the  oxides  were  made  into  a 
paste  with  wheat-meal,  then  spread  out  on  a  copper  sheet,  divided 
into  cubes  and  dried.  The  cubes  were  placed  in  layers  with 
charcoal  in  graphite  pots,  and  these  heated  in  a  wind  furnace  with 
coke;  for  one  pot  yielding  about  11  lbs.  alloy,  13  to  15  lbs.  of  coke 
were  needed.  (For  the  reduction  of  nickel  monoxide  in  muffles  see 
later,  p.  551.) 

The  reduction  of  the  oxides  in  a  blast  furnace  was  formerly 
■carried  on  at  the  Aurora  works  at  Gladenbach,^  and  also  occasionally  at 

^  Balling,  loc.  cit. 

2  Ber(j.-  laid  Hiitten  Zeitumj,  1877,  p.  300  ;  1878,  p.  •24.5. 

^  Sclinabel,  loc.  cit. 
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Klefva.  At  the  former  place  the  blast  furnace,  arranged  as  a  crucible 
furnace,  was  2  feet  high,  1  foot  4  inches  deep,  and  1  foot  6  inches 
wide.  The  sole  consisted  of  a  light  brasque  (4  to  5  parts  by  volume 
of  wood  charcoal,  1  of  loam).  The  blast,  at  a  pressure  of  1^  inches 
mercury,  was  given  by  one  tuyere  in  the  back  wall,  with  an  average 
inclination  of  45  .  Wood  charcoal  was  used  for  the  reduction.  As 
soon  as  a  quantity  between  175  and  220  lbs.  of  oxide  was  run  down, 
the  alloy  and  slag  were  tapped  out  into  a  little  tapping  hearth. 
After  the  solidified  slag  Avas  removed  from  the  alloy,  the  latter  was 
taken  off  in  discs  and  broken  into  pieces  while  still  red-hot.  Out  of 
100  parts  oxide  35  to  38  parts  alloy  were  obtained. 

An  easily  fusible  slag  was  formed  by  part  of  the  oxides,  the  loam 
of  the  brasque,  and  the  material  of  the  furnace  Avail,  which  slag  pro- 
tected the  alloy  from  being  oxidised  by  the  air  of  the  blast.  The 
slag  contained  considerable  quantities  of  copper  and  nickel,  and 
had  also  to  be  Avorked  up  separately  for  alloy.  The  loss  of  metal 
was  1'35  per  cent.  Xi  and  8'22  per  cent.  Cu.  Out  of  a  refined 
matte  Avhich  before  roasting  had  the  composition : — - 

Ni 32-59  per  cent. 

Cu 52-00       „ 

Fe 0-41       „ 

S      . 17-71       „ 

As  +  Sb Oil 

an  alloy  was  obtained  containing : — 

Cu   , 59-5    per  cent. 

Ni • 39-95       „ 

Fe 0-64       „ 

Out  of  an  original  matte  which  Avhen  unroasted  had  this  com- 
position : — 

Xi  and  Co 37-5  per  cent. 

Cu      48-5       „ 

As  and  Sb  Trace     „ 

S 13-3       „ 

an  alloy  was  obtained  containing  : — 

Xi 45-0(j  per  cent. 

Cu 53-44       „ 
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C.     THE     CONVERSION    OF     llEFINED     MATTE     CONTAINING     COPPER 
(nickel-copper    matte)    INTO    NICKEL   MATTE     FREE    FROM 

COPPER 

This  conversion  of  the  nickel-copper  matte  into  matte  free  from 
copper  is  necessary  if  nickel  monoxide  or  nickel  is  to  be  produced. 
This  latter  matte  can  then  be  treated  in  the  same  way  as  the  refined 
matte  without  any  copper. 

Copper  is  removed  by  smelting  the  matte  with  sodium  sulphate' 
and  coal.  In  this  operation  any  iron  present  is  also  removed ; 
therefore  the  matte  may  contain  a  certain  quantity  of  iron.  Unre- 
fined or  coarse  matte  with  not  too  large  a  proportion  of  iron  can 
also  be  treated  in  this  way.  If  the  matte  contains  a  small  quantity 
of  copper,  this  can  be  converted  into  copper  chloride  by  a  chloridising 
roasting,  and  the  salt  so  formed  can  be  washed  out  by  water. 

The  removal  of  copper  by  the  sulphate  of  soda  and  coal  treat- 
ment depends  on  the  fact  that  sodium  sulphide  unites  with  copper 
and  iron  sulphides  to  form  an  easily  fusible  matte,  into  which  nickel 
sulphide  enters  merely  in  small  quantities.  This  matte  is  of  less 
density  than  the  one  containing  nickel  sulphide,  and  separates  from 
it  on  cooling.  Any  iron  or  copper  present  in  this  new  nickel  matte 
is  removed  by  repeating  the  process.  The  matte  of  copper,  iron, 
sodium  and  nickel  sulphides  is  allowed  to  weather,  and  then  smelted 
with  coal,  together  with  coarse  matte  obtained  from  the  original 
ore ;  whereby  the  nickel  content  of  both  products  is  collected 
into  one  matte.  This  latter  is  smelted  with  sulphate  of  soda  and 
•coal,  and  gives,  on  the  one  hand,  a  matte  consisting  chiefiy  of  nickel 
sulphide,  and  on  the  other,  a  copper-iron-sodium  matte.  By  mingled 
repetitions  of  these  operations  the  whole  nickel  is  finally  obtained  in 
a  matte  of  pure  nickel  sulphide.  This  is  converted  into  the  monoxide 
hy  oxidising,  and  may  be  sent  into  market,  or  reduced  to  nickel. 

In  removing  copper  from  matte  by  chloridising  roasting,  it  is 
'desired  to  convert  the  metal  as  much  as  possible  into  cupric  chloride, 
which  is  soluble  in  water.  The  chlorides  are  dissolved  out,  and  the 
residue  (consisting,  if  from  a  refined  matte,  of  nickel  monoxide,  but 
usually  nickelic  oxide  also)  is  smelted  with  sodium  sulphide,  sand 
and  wood  charcoal.  A  pure  nickel  sulphide  is  thus  obtained,  and  after- 
wards completely  roasted.     The  nickel  monoxide  is  reduced  to  nickel. 

This  method,  proposed  by  Emmens,  is  only  applicable,  however, 
when  the  quantity  of  copper  is  very  small.  For  instance,  if  the  matte 
contains  20  per  cent,  copper,  Youngwood  ^  finds  that  a  great  part  of 

1   The  Mineral  Indaary,  1894,  p.  4G3. 
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it  does  not  combine  with  chlorine,  and  thus  escapes  the  removal  by 
water. 

It  has  also  been  suggested  ^  to  remove  copper  from  matte  con- 
taining both  copper  and  iron  by  the  action  of  the  blast  in  converters 
■with  basic  or  coke  linings.  First  the  iron,  and  next  the  nickel,  would 
pass  into  slag,  while  the  copper  in  the  end  would  be  separated  as 
metal.  It  is  said  that  the  nickel  slag  can  be  removed  from  the 
converter  separately  from  the  iron  slag,  and  worked  up  alone  for 
nickel  by  a  wet  or  a  dry  method.  The  process  would  be  divided  into 
two  periods  by  the  adding  of  fluxes  and  slagging  materials.  In  the 
first  period,  just  as  in  the  present  method  of  working  up  an  iron- 
copper-nickel  matte,  the  iron  would  be  slagged,  and  a  copper-nickel 
matte  free  from  iron  remain.  In  the  second  period  the  nickel  would 
be  slagged  and  the  copper  separated  as  metal.  Nothing  is  known  as 
to  the  execution  of  this  suggestion. 

The  method  of  treating  the  matte  containing  copper  by  sodium 
sulphate  and  coal  is  used  at  the  Orford  Copper  Company's  Avorks  at 
Constable  Hook,  New  Jersey,  near  New  York.  The  operation  has 
been  devised  and  is  practically  carried  out  by  John  Thomsen,  director 
of  the  above  company,  and  Charles  Bai'tlett.-  Since  it  is  kept  secret, 
only  incomplete  accounts  have  become  public.  According  to  these 
coarse  matte  or  preferably  concentrated  matte  is  smelted  with  sodium 
sulphate  and  coal  in  a  small  blast  furnace,  where  the  sulphate  is 
reduced  to  sodium  sulphide,  which  makes  the  already  mentioned 
fusible  compounds  with  iron  and  copper  sulphides.  The  products 
are  tapped  out  into  a  receiver,  at  the  bottom  of  which  the  heavier 
nickel  sulphide  collects,  with  only  small  quantities  of  the  other  two 
sulphides ;  while  the  chief  part  of  these  sulphides  with  sodium  sul- 
phide (according  to  other  accounts,  with  caustic  soda)  lies  on  the  top, 
and  after  solidification  can  easily  be  lifted  off.  The  nickel  sulphide 
separated  from  the  upper  layer  ("  tops "),  still  contains  iron  and 
copper,  and  is  treated  again  in  the  same  way  to  remove  these  metals, 
so  that  there  are  again  obtained  upper  layers  and  a  nickel  sulphide 
free  from  iron  and  copper.  The  upper  layers  after  being  left  for  some 
time  to  disintegrate,  are  smelted  with  coarse  matte  and  coke,  and 
thus  again  a  matte  rich  in  nickel,  and  the  same  fusible  compound 
of  copper,  iron,  sodium  and  sulphur  is  obtained. 

By  suitable  repetition  of  these  operations  a  foirly  pure  nickel 

^  Von  Elirenwerth,  Bery.-  uml  Hiittenn^estn  auf  der  WeUans>ittlIun{i  in.  Chicayo. 
Wien,  189.). 

-  Miiieru/  Indus/ri/,  1892,  p.  SoT.  John  L.  Thomsen,  American  patent.  No. 
489,882,  Jan.  10,  1893. 
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matte  is  apparently  obtained.  This  is  oxidised  and  smelted  with  the 
addition  of  sand,  producing  a  very  rich  and  pure  matte.  (The 
authorities  quoted  do  not  describe  the  plant  used.) 

These  processes  attain  their  end  quite  successfully,  but  appear  to 
be  lengthy  and  costly. 

To  use  the  method  of  chloridising  roasting,  the  great  part 
of  the  iron  should  be  first  removed  in  a  converter.  Then 
chloridising  roasting  takes  place  in  presence  of  steam.  Cupric 
chloride  is  leached  out  by  water  from  the  products.  The  residue 
consists  of  nickel  monoxide  with  a  certain  quantity  of  iron  oxide.  It 
is  smelted  with  sodium  sulphide,  sand  and  wood  charcoal  into  a  pure 
nickel  matte. 

d.   CONVERSION    OF    NICKEL   MATTE    REFINED,    OR  FREE    FROM  COPPER 
INTO   NICKEL   MONOXIDE,   OR   CRUDE    NICKEL 

Nickel  matte  is  converted  into  crude  nickel  in  the  same  way  as 
nickel-copper  matte  into  the  copper-nickel  alloy.  That  is,  the  matte 
is  completely  roasted  and  the  monoxide  reduced  to  nickel.  The 
complete  roasting  is  done  in  the  same  manner  and  with  the  same 
apparatus  as  before,  and  the  account  need  not  be  repeated. 

In  many  cases  nickel  monoxide  itself  is  sent  into  commerce.  The 
composition  of  two  specimens  of  this  substance,  obtained  from 
Canadian  ores,  is  given  in  the  following  analyses  : — - 

Ordinary  Monoxide.  Better  Quality. 

Per  cent.  Per  cent. 

NiO  and  CoO      .     .     .  97-5     .....  9874 

CuO 0-4 0  30 

Fe,0, 1-5 0-70 

As'    ' 0.3 004 

S 0-03 0-02  f 

SiOg :     .     0-3 0-20 

The  reduction  of  this  compound  to  nickel  takes  place  in  the  same 
way  as  the  reduction  of  the  mixed  copper  and  nickel  oxides. 

The  nickel  monoxide  is  either  as  above  mixed  with  meal,  syrup^ 
sugar,  or  such  carbonaceous  bodies,  and  reduced  by  wood  charcoal 
at  a  temperature  below  the  melting  point  of  nickel,  whereby  the 
metal  is  obtained  pulverised  or  in  a  spongy  mass  ;  or  else  it  is 
reduced  at  a  temperature  a  little  above  the  melting  point,  with 
carbonaceous  matter  and  a  slight  addition  of  materials  for  slagging ; 
then  the  metal  is  produced  fused,  and  can  be  obtained  in  any  desired 
form. 


552  METALLURGY 

If  nickel  in  powder,  or  cubes,  or  as  sponge,  is  to  be  produced, 
crucibles,  retorts  or  muffles  are  used.  The  reduction  in  crucibles  is 
the  same  as  in  preparing  copper-nickel  alloy. 

The  reduction  of  the  oxide  in  retorts  of  fire-clay  is  described 
by  Klinzel,^  and  has  been  carried  out  at  Val  Benoit,  near  Liege.  The 
retorts  are  open  at  both  ends,  and  have  a  width  of  8  inches.  They 
are  placed  in  rows  of  6,  in  a  furnace  of  similar  construction  to  the 
French  one  for  liquation  of  antimony  at  Malbosc.^  The  charging  is 
done  through  openings  in  the  arch  of  the  furnace,  to  which  openings 
correspond  similar  ones  in  the  bed.  Under  these  latter  are  tubes  of 
iron  plate,  about  5  feet  long,  forming  continuations  of  the  clay 
retorts,  and  upon  these  iron  pipes  the  clay  ones  rest.  The  iron 
pipes  serve  for  the  cooling  of  the  nickel  cubes  formed  in  the 
retort,  and  they  themselves  rest,  with  three-quarters  of  their 
periphery,  on  an  iron  plate.  At  the  beginning  of  the  operation 
the  retorts  are  filled  to  a  certain  height  w^ith  small  coal,  upon  which 
the  cubes  of  oxide  of  nickel  are  charged.  From  time  to  time  part  of 
the  contents  of  the  coolers  are  removed  through  an  opening  in  the 
lower  part  of  the  tubes.  In  this  way  the  grains  slide  dowai  the 
heated  clay  retorts,  and  finally  are  delivered  into  the  coolers  in  the 
metallic  condition.  The  removal  of  the  cubes  takes  place  every  three- 
quarters  of  an  hour  or  hour.  At  Val  Benoit,  in  24  hours,  10  or  12 
cwt.  of  nickel  are  produced  in  a  furnace  with  6  retorts,  with  a 
consumption  of  18  to  20  cwt.  of  coal. 

Very  recently,  according  to  Knut  Styffe,^  furnaces  with  muffles 
have  been  brought  into  use  for  preparing  spongy  nickel.  A  furnace 
of  this  kind  holds  12  muffles,  which  are  placed  in  two  rows  one  above 
the  other,  and  fired  by  a  single  fireplace.  The  furnace  has  working 
doors  for  each  of  these  rows  on  opposite  sides.  The  reduction  lasts 
4  hours.  The  temperature  is  raised  to  1200°,  in  consequence  of 
Avhich  the  reduced  nickel  sinters  into  sufficiently  solid  pieces. 

Levat  ■*  communicates  an  arrangement  of  a  furnace  with  a  single 
muffle,  illustrated  in  Fig  320.  The  furnace  is  Hi  feet  long  and  6 
feet  wide.  The  muffle  has  an  opening  on  the  short  side,  and  is  there 
closed  during  the  operation  by  doors  {k  k).  These  doors  are  counter- 
poised and  protected  within  by  fireproof  linings.  Gas  fuel  is  used ; 
I,  I,  are  the  flues  through  which  the  flames  play  round  the  muffle. 
The  oxide  to  be  reduced  is  charged  into  iron  vessels  m,  m,  which  are 
introduced  at  the  side  of  the   furnace  opposite  the  generator,  and 

^  Kerl,  MtfaUhiittenkunde,  p.  553.  ^  Ante,  p.  441. 

^  Oesterr.  Zeif-ich,.  1894,  p.  324.  *  Loc.  cit. 
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gradually  pushed  forward  until  they  are  drawn  out  at  the  hottest 
place.      Each  crucible  remains  24  hours  in  the  furnace. 

This  furnace  serves  for  the  reduction  of  the  mixed  nickel  and 
copper  oxides,  as  well  as  for  nickel  oxide  alone.  If  the  nickel  reduced 
alone  is  to  sinter  properly,  it  must  be  heated  in  the  crucibles  to  a 
temperature  of  1100°-!  200°  for  at  the  very  least  4  hours. 

The  production  of  molten   nickel  from  the  monoxide  is  carried 


Fig.  320. 


Fio.  321. 


Section  at^'S 


Fig.  322. 


out,  for  example,  at  the  Orford  Copper  Company's  works,  Bergen 
Point,  New  York  Harbour. 

According  to  v,  Ehrenwerth,^  there  are  used  for  reduction  and 
fusion,  at  this  place,  graphite  crucibles  18  inches  high  and  14  inches 
wide,  in  each  of  which  75  lbs.  of  nickel  monoxide  are  placed.  Wood 
charcoal  is  the  reducing  agent  (16  per  cent,  by  weight  of  the  oxide); 
petroleum  fuel  is  used.  The  plan  of  the  furnace  is  shown  in  Figs. 
321,  322.  The  furnace  has  3  chambers  each  holding  2  crucibles,  the 
furthest  chamber  always  standing  empty.     The  middle  chamber  gives 

1  Loc.  cit.,  p.  550. 
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the  crucibles  a  preliminary  heating,  and  the  one  nearest  the  fire  serves 
to  melt  the  reduced  nickel.  The  petroleum  flame  passes  through  the 
various  chambers  in  the  direction  indicated  by  the  arrows,  and  finally 
reaches  the  chimney  E.  The  petroleum  runs  first  into  the  uppermost 
of  3  trays  p,  stretching  the  full  width  of  the  furnace,  placed  one 
under  another.  When  the  top  one  is  full,  the  petroleum  flows  into 
the  next  below  ])\  and  when  that  is  full  into  the  third  p".  The 
petroleum  that  flows  away  fi-om  the  lowest  passes  into  a  receiver 
outside  the  furnace.  The  air  for  the  combustion  enters  through 
the  channels  S,  and  then  passes  in  the  direction  indicated  by  the 
arrow,  through  a  channel  going  under  the  furnace,  for  preliminary 
heating  before  entering  the  fireplace.  Such  a  furnace  can  smelt 
3  charges  in  12  hours,  and  produces  in  this  time  2400  lbs.  nickel 
with  an  expenditure  of  105  gallons  of  petroleum.  The  liquid 
nickel  is  poured  into  iron  moulds  and  takes  the  form  of  bars. 
The  material  reduced  is  said  to  contain  90  per  cent,  nickel  monoxide, 
and  the  metal  produced  96  to  98  per  cent,  nickel  and  0"5  per  cent, 
iron. 

2.    EXTRACTIOX  OF   XICKEL  FROM  THE  SILICATE  (GARXIERITE) 

This  New  Caledonian  ore  is  a  silicate  of  variable  composition 
containing  water,  the  constituents  l}^ng  between  the  folloAving- 
limits : — 

NiO 9  to  17  per  cent. 

SiOo 41  to  46 

Fe.Og 5  to  14 

AiPs 1  to    7 

MgO 6  to    9 

HoO 8  to  16 

The  nickel  content  of  the  garnierite  which  is  smelted  has  of  late 
decreased  to  between  7  and  8  per  cent.  At  present  it  is  treated  only 
in  Europe  (Glasgow,  Birmingham,  Havre,  Iserlohn).  An  earlier 
method  of  treatment  was  carried  on  in  the  neighbourhood  of  Noumea 
in  New  Caledonia,  and  consisted  in  smelting  the  ore  in  a  blast  furnace 
with  coke  and  fluxes,  producing  a  nickel-iron  alloy,  which  was  sent  to 
Europe  to  be  converted  into  pure  nickel. 

At  Noumea  the  pulverised  ore  was  mixed  with  fluorspar,  cryolite, 
soda,  manganese  ores  and  powdered  coal,  and  made  into  bricks  Avith 
tar.  It  was  then  smelted  with  coke  in  a  furnace  26  feet  high,  with  a 
blast  heated  to  400°  and  at  a  pressure  of  5  inches  of  mercury ;  the 
product  was  iron-nickel  alloy.    Limestone  was  added  to  combine  with 
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the  sulphur  in  the  coke,  half  a  ton  being  needed  per  ton  of  ore. 
If  the  ore  contained  too  little  iron,  other  ores  rich  in  iron  were 
added.  On  the  average  from  1,000  parts  of  ore  112  parts  ferro-nickel 
were  obtained  with  a  consumption  of  400  parts  coke. 

The  composition  of  this  ferro-nickel  is  seen  in  these  analyses : — 

I.  II. 

Per  cent.  Per  cent. 

Carbon '    ...     170  3-40 

Silicon 2-40  0-85 

Sulphur 0-55  1-50 

Iron  23-30  3235 

Nickel 75-50  60-90 

From  these  it  is  seen  that  in  spite  of  the  addition  of  limestone 
the  alloy  still  contained  an  appreciable  amount  of  sulphur.  The  ferro- 
nickel  was  exported  to  Europe,  where  it  was  attempted  to  purify  it 
from  sulphur,  silicon  and  iron  by  oxidising  processes.  For  example, 
at  Septemes,  near  Marseilles,  the  alloy  was  fused  on  a  hearth  of 
nickel  monoxide  in  a  Siemens-Martin  furnace,  and  finally  a  crude 
nickel  containing  manganese  was  added  to  remove  the  oxygen.  A 
lining  of  chalk  to  the  hearth  was  used  to  remove  the  silicon  and 
sulphur. 

This  operation  attained  its  aim  just  as  little  as  any  of  the  other 
diverse  methods,  inasmuch  as  it  was  not  successful  in  removing  iron 
and  sulphur  from  the  nickel.  Consequently  the  production  of  the 
nickel-iron  alloy  has  been  entirely  given  up. 

At  present  all  the  ore  raised  in  New  Caledonia  is  exported.  The 
greater  part  comes  to  Europe,  and  there  is  smelted  into  a  matte  in 
blast  furnaces  with  the  addition  of  materials  containing  sulphur. 
This  matte  is  refined  in  reverberatory  furnaces  or  converters,  or 
by  roasting  and  smelting  in  shaft  furnaces,  and  lastly  worked  up  by 
xoasting  into  nickel  oxide,  or  into  nickel  by  roasting  and  afterwards 
reducing.  These  processes  are  carried  on  chiefly  in  Glasgow, 
Birmingham,  Havre,  and  at  the  works  of  the  French  "  Le  Nickel '' 
Co.  at  Iserlohn. 

The  ores  are  smelted  in  shaft  furnaces,  which  are  surrounded 
with  water  jackets  either  throughout  their  height,  or  from  the  bottom 
to  3  feet  3  inches  high.  Coke  and  fluxes  containing  sulphur  are  added 
and  the  product  is  a  coarse  matte.  The  flux  chiefly  used  is  the 
calcium  sulphide,  remaining  in  the  manufacture  of  soda  by  the  Leblanc 
process ;  if  this  cannot  be  obtained,  gypsum  is  used.  By  the  use  of 
this   flux,    the  whole   of  the  nickel  and   part  of   the  iron  pass  into 
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matte.  The  calcium  sulphide  is  decomposed  by  the  nickel  silicate 
of  the  garnierite,  and  nickel  sulphide  and  calcium  silicate  formed.. 
If  gypsum  is  used  it  becomes  reduced  to  sulphide  in  the  furnace 
by  the  coke,  and  the  action  with  garnierite  then  proceeds.  The  ore 
is  crushed  to  powder  with  gypsum  and  coal,  and  this  mixture  pressed 
into  bricks.  In  24  hours  25  to  30  tons  of  ore  are  put  through  one 
of  these  furnaces.  Levat  gives  the  consumption  of  coke  as  30  per 
cent,  of  the  ore.  The  matte  contains  50 — 55  per  cent.  Ni,  25 — 30 
per  cent.  Fe,  and  16 — 18  per  cent.  S,  and  is  free  from  arsenic  and 
copper.  Just  as  above  with  nickel  coarse  matte,  this  can  be  freed  from 
iron  and  an  equivalent  quantity  of  sulphur  in  reverberatory  furnaces  or 
converters.  A  refined  matte  is  then  obtained  with  an  average  com- 
position of  75  per  cent.  Xi,  24  per  cent.  S,  0*5  per  cent.  Fe,  and 
0*5  per  cent,  of  various  impurities.  Just  like  the  refined  matte  from 
the  other  ores,  this  is  dead  roasted,  and  reduced  to  nickel. 

The  slag  obtained  from  the  ore  smelting  is  thrown  away.  After 
refining  the  matte  by  roasting,  and  then  fusing  with  sand,  this  refined 
product  is  smelted  in  the  same  furnaces  'with  water  jackets  as 
are  used  for  the  ore.  The  slag  obtained  in  the  refinery  contains 
large  quantities  of  nickel ;  it  is  made  into  bricks  after  being  ground 
with  sand,  gypsum  and  coal,  and  smelted  to  a  matte  in  the  same 
furnaces.  This  matte  is  subjected  to  a  smelting  to  concentrate  it, 
and  then  treated  in  the  same  way  as  the  coarse  matte  obtained  from 
the  ore. 

3.    EXTRACTION   OF    NICKEL   FROM   ARSENICAL   ORES 

The  arsenical  ores  are  niccolite  or  kupfernickel,  chloanthite  and 
nickel  glance.  Only  a  very  small  amount  of  nickel  is  obtained  from 
these  ores,  owing  to  their  limited  occurrence.  Besides  gangue,  these 
nickel  ores  generally  contain  large  quantities  of  iron,  and  often 
sulphur.  The  metallurgical  processes  consist  of  getting  rid  of  the 
gangue,  and  separating  nickel  from  iron,  arsenic  and  sulphur.  The 
separation  of  nickel  from  iron  depends  on  the  fact  that  the  chemical 
attraction  of  iron  for  oxygen  is  greater  than  that  of  nickel,  whilst  the 
affinity  of  arsenic  for  nickel  is  greater  than  its  affinity  for  iron.  It  is 
therefore  possible  to  oxidise  and  slag  the  iron  in  the  ore,  while  the 
nickel  is  separated  as  arsenide. 

At  a  sufficiently  high  temperature  nickel  arsenide  is  converted  by 
the  oxygen  of  the  air  into  a  mixture  of  nickel  monoxide  and  arseniate. 
The  latter  is  mostly  converted  into  monoxide  by  strongly  heating 
with  coal,  and  afterwards  in  a  current  of  air.  Another  way  is  to 
remove  the  arsenic  of  nickel  arsenide  as  an  alkaline  arseniata  by 
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heating  with  saltpetre  and  soda,  while  the  nickel  is  converted  into 
monoxide.  Washing  with  water  removes  the  alkaline  arseniate  from 
this  oxide.  The  nickel  monoxide  is  reduced  to  nickel  as  described 
above. 

The  production  of  pure  nickel  arsenide  or  nickel  spciss  from  the 
ores  entails  roasting  and  smelting  operations.  If  the  ores  contain 
sulphur,  or  more  arsenic  than  is  required  to  form  the  compound 
NioAs,  they  are  subjected  to  an  oxidation  to  remove  the  sulphur  and 
excess  of  arsenic  ;  and  then  reduced  in  shaft  furnaces.  But  if  the 
ores  contain  no  metallic  sulphides  and  no  excess  of  arsenic  but  only 
gangue,  they  are  subjected  at  once  to  a  smelting,  with  formation  of 
slag,  in  shaft  furnaces. 

Since  as  a  rule  there  is  a  large  proportion  of  arsenide  of  iron  in 
the  ores,  a  speiss  is  generally  obtained  which  contains  iron ;  it  is 
known  as  "  coarse "  speiss,  and  it  rarely  consists  of  only  nickel 
arsenide.  It  is  roasted  in  order  to  oxidise  it,  after  which  it  is  smelted 
in  reverberatory  or  shaft  furnaces  ;  it  may  also  be  fused  and  oxidised 
on  a  hearth  or  in  a  reverberatory  furnace,  which  removes  the  iron 
and  a  corresponding  amount  of  the  arsenic.  If  the  speiss  is  poor  in 
nickel  and  rich  in  arsenic  and  iron,  these  operations  will  have  to  be 
repeated.  The  nickel  speiss  free  from  iron  which  is  finally  obtained 
— "  refined  nickel  speiss " — is  completely  roasted  in  reverberatory 
furnaces,  carbonaceous  bodies  being  mixed  with  it  from  time  to  time 
to  help  to  remove  the  arsenic,  and  at  the  end  of  the  process  saltpetre 
and  soda  are  added.  In  this  way  nickel  monoxide  is  formed,  and  is 
reduced  in  the  usual  manner. 

We  must  then  distinguish  three  operations : — 

a.  Conversion  of  ore  into  coarse  speiss. 

h.  Conversion  of  coarse  speiss  into  refined  nickel  speiss. 

c.  Conversion  of  refined  nickel  speiss  into  nickel. 

a.    CONVERSION   OF   ORE    INTO   COARSE   SPEISS 

The  basis  of  this  conversion  is  the  following  :  Ores  which  contain 
sulphur,  arsenide  of  iron,  or  more  arsenic  than  is  required  to  form  the 
compound  NioAs  are  calcined  and  then  reduced  in  shaft  furnaces  ; 
ores  free  from  sulphur  or  arsenide  of  iron,  and  not  containing  excess 
of  arsenic,  are  smelted  direct  in  reverberatory  or  shaft  furnaces  with 
the  object  of  producing  a  slag. 

a.  Boasting  the  Ores 

When  the  ores  are  free  from  sulphur,  the  roasting  should  be 
regulated  so  that  the  arsenic  is  brought  down  to  the  quantity  suffi- 
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cient  to  combine  with  the  whole  of  the  nickel  to  form  Ni^As  as  the 
main  product  of  the  subse(iuent  smelting.  If  the  roasting  is  carried 
too  far,  and  the  quantity  of  arsenic  is  less  than  this,  nickel  will  pass 
into  the  slag.  When  sulphur  is  present,  the  roasting  should  remove 
it  as  completely  as  possible,  unless  there  is  also  copper  enough  to 
be  worth  extracting.  In  this  case  sulphur  should  be  retained  in 
such  quantity  that  a  copper  matte  is  formed  during  smelting,  and 
separates  from  the  speiss. 

During  the  roasting  arsenic  is  converted  partly  into  arsenic 
trioxide,  partly  into  pentoxide.  The  iron  and  the  nickel  arsenides 
lose  arsenic  and  become  converted  into  oxides.  The  higher  compound 
of  arsenic  is  formed  by  the  oxidation  of  the  trioxide  where  it  is  in 
contact  with  red-hot  masses  of  ore,  and  the  red-hot  furnace  walls  ;  it 
combines  partly  with  the  iron  and  nickel  oxides  (with  cobalt  oxide 
and  with  silver  also  if  jjresent).  Further,  part  of  this  arsenic  pent- 
oxide  is  reduced  again  to  trioxide  by  contact  with  undecomposed 
arsenides,  and  with  the  lower  metallic  oxides,  if  any  should  be 
present.  Arseniate  of  nickel  is  much  more  easily  produced  than  the 
corresponding  salt  of  iron.  The  arseniates  are  fairh-  stable  at 
a  high  temperature,  as  they  are  not  readily  decomposable  by  heat 
alone.  If  it  is  desired  to  remove  the  arsenic  from  them,  powdered 
coal  or  carbonaceous  matter  is  added.  By  these  means  iron  arseniate 
is  somewhat  readily  converted  into  ferric  oxide,  Avhile  the  acid 
radicle  is  converted  into  arsenic  trioxide  and  suboxide,  with  the 
formation  of  carbon  dioxide.  Arseniates  of  cobalt  and  nickel  are 
converted  into  arsenides,  which,  in  a  current  of  air,  are  converted  into 
oxides  and  basic  arseniates,  with  a  loss  of  some  arsenic  as  trioxide. 
The  product  of  the  roasting  is  accordingly  a  mixture  of  undecom- 
posed arsenides,  oxides  and  basic  arseniates. 

If  metallic  sulphides  are  present  in  the  ores  they  are  oxidised  to 
sulphates.  Vapours  of  sulphur  trioxide  are  formed  from  sulphur 
dioxide  by  contact  action,  or  from  the  decomposition  of  sulphates, 
and  exert  an  oxidising  action  on  arsenides,  which  are  partly 
converted  into  arseniates.  Any  arsenical  pyrites  (iron  sulphide  and 
arsenide)  present  in  the  ore,  gives  off  fumes  of  sulphide  of  arsenic ; 
at  a  red  heat  it  is  converted  into  a  mixture  of  ferric  oxide,  sulphate 
and  arseniate,  setting  free  sulphur  dioxide  and  arsenic  trioxide. 

Carbonates  of  iron  and  calcium,  which  are  frequently  present  in 
nickel  ores,  are  changed  into  arseniates  of  those  metals,  or  into  a 
mixture  of  sulphates  and  arseniates  if  sulphides  are  present.  During 
this  heating  the  heat  must  not  be  carried  so  high  that  any  silica 
present  forms  silicate  with  nickel  monoxide,  because  this  nickel  silicate 
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is  but  imperfectly  decomposed  again,  in  the  subsequent  smelting,  with 
the  formation  of  arsenide  of  nickel.  Thus,  if  sulphides  are  present 
in  the  ore,  the  product  of  roasting  is  a  mixture  of  metallic  sulphides, 
arsenides,  oxides,  sulphates  and  arseniates. 

The  roasting  may  be  performed  in  heaps,  stalls,  revei'beratory  or 
shaft  furnaces,  or  muffles.  Since  the  complete  removal  of  the 
arsenic  is  not  really  necessary,  the  ores  are  roasted  in  stalls  in  most 
works,  these  stalls  allowing  of  the  collection  of  arsenic  trioxide  in 
the  chambers  attached. 

The  best  forms  of  apparatus  for  roasting  are  reverberatory  fur- 
naces and  muffles.  In  the  latter  it  is  very  easy  to  attain  exactly 
the  desired  limit  in  roasting.  If  it  is  necessary  to  make  the  fumes 
quite  harmless,  or  to  collect  the  whole  of  the  arsenic  trioxide  formed, 
they  should  be  used. 

Stalls  were  or  are  in  use  at  Schladming  in  Styria,  Dobschau  in 
Hungary,  Leogang  in  Salzburg. 

At  Schladming,^  ores  containing  1 1  per  cent,  of  nickel  and  1  per 
cent,  of  cobalt  were  roasted  in  so-called  Bohemian  roasting  stalls,^ 
16J  feet  long,  15  feet  wide  and  4  feet  high,  which  were  connected  with 
condensing  chambers  for  sulphide  of  arsenic  and  arsenic  trioxide.  On 
the  brick  bottom  of  the  stall  was  spread  5  inches  of  wood  and  a  quarter 
of  an  inch  of  wood  charcoal ;  on  this  18  or  20  tons  of  ore  spread  out 
to  a  thickness  of  about  an  inch.  In  the  long  axes  of  the  stall  were 
two  square  wooden  conduits,  to  improve  the  draught,  and  these  were 
in  connection  with  canals  in  the  floor  left  free  from  ore.  Before  firing 
the  stall  a  layer  of  fine  ore  was  placed  on  the  surface  of  the  charge, 
and  then  the  stall  bricked  up.  Firing  was  done  by  shovelling  red-hot 
.  coals  in  at  the  wooden  conduits.     The  roasting  lasted  5  to  8  days. 

At  the  George  Smelting  Works  at  Dobschau  in  Hungary,  ore 
containing  4*5  per  cent,  of  nickel  and  1'5  per  cent,  of  cobalt  was  roasted 
in  stalls  with  arched  roofs  10  feet  high,  16|  feet  long,  and  13  feet  wide, 
connected  with  condensing  chambers ;  40  tons  of  ore  formed  the 
charge  in  one  stall.  The  bed  was  formed  of  If —  2  cords  wood. 
The  roasting  lasted  2  to  3  days. 

At  the  Losonez  Works  in  Hungary,^  ores  containing  14  to  20  per 
cent,  of  nickel  with  cobalt  and  05  per  cent,  of  copper  were  roasted 
in  reverberatory  furnaces  on  beds  10  feet  square  in  charges  of  16  cwt. 
to  1  ton.     Wood  was  used  as  fuel. 

A  reverberatory  gas-furnace  designed  by  Flechner  ^  for  the  roast- 
ing of  ores  and  speiss  is  depicted  in  Figs.  323,  324,  325.     It  is  said 

1  Badoureau,  Bcrrj.  und  Hiitt.  Ztg.,  18/8,  p.  20.5.  -  Alhj.  Hattenkumle,  p.  328. 

3  Berg,  und  Hiitt.  Ztg.,  1878,  p.  206.  *  Ibid.,  1879,  p.  211. 
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to  be  used  at  Schladming,  and  (with  direct  firing)  in  Westphalia. 
The  gas  enters  the  middle  of  the  furnace  through  the  channel  a, 
and  the  air  necessary  for  its  combustion  is  led  in  through  the  pipe  /. 

The  products  of  combustion  pass  through  four  openings  (up-takes) 
g,  built  in  the  side  walls  of  the  furnace,  into  the  pei-pendicular  channels 
h,  and  thence  into  the  chimney.  The  ore  is  charged  into  the  furnace 
through  two  openings  c  in  the  "^roof.  The  working  openings  are 
at  the  four  corners  of  the  furnace.  In  front  of  each  of  these  is  a 
perpendicular   shaft   e   which    is    connected    with    the    intersecting 
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Fig.  324. 


Fio. 


passages  h.    Waggons  are  wheeled  into  the  latter  in  order  to  remove 
the  roasted  products  when  emptied  through  the  channels  c. 


/3.  The,  Smelting  of  the  Nickel  Ore  into  Coarse  Speiss 

If  gangue  only  has  to  be  separated  from  the  nickel  arsenide,  the 
ores  are  smelted  in  blast  or  reverbcratory  furnaces  with  the  addition 
of  fluxes  and  slag-forming  materials.  The  slagging  away  of  the 
gangue  is  the  only  chemical  change  aimed  at  in  this  process. 

But  if  the  ores  have  been  roasted  beforehand,  and  now  consist  of 
mixed  oxides,  arseniates  and  undecomposed  arsenides,  with  often 
sulphates  and  sulphides  as  well,  then  the  whole  amount  of  nickel 
in  the  roasted  product  has  to  be  collected  into  a  speiss,  the  gangue 
to  be  completely  slagged,  and  the  iron  as  fav  as  is  possible.  Any 
copper  worth  extracting  should  be  collected  in  a  matte.    This  sort  of 
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■smelting  is  usually  performed  in  a  blast  furnace,  but  can  also  be 
carried  out  in  a  reverberatory  furnace. 

In  the  blast  furnace  used  as  a  rule  on  the  continent,  ferric  oxide 
is  reduced  to  ferrous  and  slagged  with  silica.  Nickel  monoxide  is 
partly  reduced  to  metal,  partly  reacts  with  iron  arsenide  to  form 
nickel  arsenide  and  ferrous  oxide,  which  latter  is  also  slagged  by 
silica.  The  metallic  nickel  takes  arsenic  from  compounds  of  nickel 
containing  it  in  larger  proportion,  and  Ni.^As  is  thus  formed,  or  it 
takes  arsenic  from  iron  arsenide.  This  latter  is  thereby  reduced  to 
a  compound  containing  less  arsenic,  or  iron  is  separated  if  such  com- 
pounds cannot  be  formed.  The  iron  may  be  taken  up  by  the  speiss, 
but  part  of  it  reacts  with  ferric  oxide  to  form  ferrous  oxide  which  is 
slagged. 

Nickel  arseniate  is  reduced  to  arsenide.  Iron  arseniate  loses  most 
•of  its  arsenic  in  the  upper  part  of  the  furnace,  and  arsenic  pentoxide 
is  reduced  to  trioxide  by  the  action  of  carbon  monoxide ;  this  trioxide 
volatilises,  while  carbon  dioxide  is  also  formed,  and  ferric  oxide 
is  left,  which  is  reduced  to  ferrous  oxide  and  slagged. 

If  metallic  sulphides,  and  sulphates  of  copper  and  iron  are  present, 
the  same  changes  occur  as  stated  above  in  the  smelting  of  roasted  nickel 
ores  containing  sulphur.  Copper  sulphide  unites  with  any  metallic 
sulphides  that  remain  to  form  a  matte.  Nickel  arsenide  unites  with 
any  remaining  iron  arsenide,  or  other  arsenides  that  may  be  present, 
to  form  a  speiss.  If  the  cojoper  present  finds  no  sulphur  to  combine 
with,  it  passes  into  the  speiss.  If  the  matte  is  in  very  small  quan- 
tities it  is  taken  up  by  both  slag  and  speiss ;  otherwise  it  separates 
out  above  the  speiss. 

Earthy  matter  present,  as  well  as  most  of  the  iron,  passes  into 
the  slag.  If  there  is  not  enough  arsenic  present  to  combine  with  all 
the  nickel,  a  corresponding  portion  is  slagged  off.  Any  nickel  silicate 
present,  formed  by  too  great  heat  in  the  roasting,  goes  for  the  most 
part  into  the  slag.  Nickel  silicate  and  iron  arsenide  do  not  readily 
interact,  so  it  is  not  possible  to  get  back  all  the  slagged  nickel  into 
the  speiss  by  such  a  change. 

The  smelting  is  conducted  so  that  a  monosilicate  containing  at 
least  30  per  cent,  of  ferrous  oxide  is  formed.  An  acid  slag  will 
contain  nickel.  (According  to  Badoureau,  when  nickel  and  cobalt 
arsenide  are  smelted  together  with  a  slag  containing  30  per  cent,  of 
ferrous  oxide,  the  tw^o  former  metals  are  practically  absent  from  it.) 
Otherwise  the  same  principles  are  observed  in  the  formation  of  the 
slag  as  were  laid  down  above  for  its  formation  in  smelting  the  sul- 
phuretted nickel  ores  in  blast  furnaces.  Further,  with  regard  to  the 
VOL.  II.  o   o 


562  ^[ETALLUKGY 

arrangement  of  the  furnaces  and  conducting  of  the  operation,  all 
that  has  been  said  there  still  applies.  The  furnaces  are  constructed 
usually  as  crucible  furnaces  or  have  fixed  fore-hearths. 

Kupfernickel  containing  heavy  spar  used  to  be  smelted  at 
Sangerhausen  ^  without  previous  roasting.  The  blast  furnace,, 
constructed  as  a  crucible  furnace,  was  6^  feet  high  and  1  foot  wide. 

1  lb.  fluorspar  was  added  as  flux  to  100  lbs.  ore,  together   with 

2  lbs.  clay  and  4  lbs.  quartz,  and  also  a  measured  quantity  of  slag 
from  a  previous  operation.  100  lbs.  of  ore  required  15|  cb.  ft.  coal. 
The  speiss  obtained  contained  about  40  per  cent,  of  nickel.  As 
instances  of  the  smelting  of  roasted  ore,  we  may  take  Schladming 
in  Styria,  Dobschau  in  Hungary,  and  Leogang  in  Salzburg. 

At  Schladming,^  where  the  ore  was  roasted  in  stalls,  and  contained 
1 1  per  cent,  of  nickel  and  1  per  cent,  of  cobalt,  it  was  smelted  in  blast 
furnaces  with  crucible  hearths,  6h  feet  high,  j^rovided  with  one  tuyere 
in  the  back  wall.  This  furnace  had  a  trapezoidal  horizontal  section, 
Ih  feet  wide  in  the  tuyere  wall,  1  foot  9  inches  wide  in  the  front  wall, 
and  2  feet  deep.  The  tuyere  was  5  feet  7  inches  below  the  mouth,, 
and  10  inches  above  the  bottom.  The  crucible  had  two  tap  holes,  each 
of  which  communicated  with  a  tapping  hearth  before  the  furnace.. 
These  hearths  were  made  of  slag  from  ore  smelting,  worked  into  a 
paste  with  milk  of  lime.  The  charge  consisted  of  89  parts  roasted 
ore,  and  19  parts  quartz.  In  24  hours  5  tons  of  ore  were  put 
through,  with  the  use  of  18  cwt.  of  wood  charcoal.  The  speiss,  whicK 
was  tapped  every  two  hours,  contained  : — 
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At  the  George  Works  at  Dobschau^  in  187G,  the  ore  contained 
4"5  per  cent,  of  nickel,  and  1*5  per  cent,  of  cobalt,  and  was  roasted  in 
stalls.  It  was  then  smelted  in  blast  furnaces  16i  feet  high,  circular 
in  horizontal  section,  and  having  two  tuyeres.  The  diameter  was 
3  feet  4  inches  at  the  level,  of  the  tuyere,  4  feet  at  the  mouth.  The 
tuyere  was  2f  inches  in  diameter,  the  blast  pressure  2^  inches  of 
mercury.     The  charge  was  100  parts  ore,  3-4  quartz,  8-12  limestone,, 

1  Berrj.  nml  Hiitt.  Zt<j.,  1SG4,  p.  r)9. 
-  IlwL,  1878,  p.  205.  ^  /'"'/.,  p.  -ioG. 
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5—10  rich  slag.  In  24  hours  7  to  10  tons  of  ore  were  j^ut  through^ 
with  one-fifth  the  amount  of  wood-charcoal.  The  speiss  obtained 
contained  from  10  to  20  parts  per  cent,  of  nickel  and  cobalt. 

At  Leogang,  in  Salzburg,^  the  calcareous  ore  containing  2  to  3  per 
cent,  of  nickel  and  cobalt  was  roasted  in  stalls,  and  smelted  with  the 
addition  of  quartz  in  blast  furnaces  4  feet  high  and  2hx2h  feet  in 
plan.     The  slag  obtained  contained  some  cobalt. 

The  smelting  of  the  ore  in  reverberatory  furnaces  seems  to  be 
practised  only  in  England.  In  such  the  nickel  monoxide  and  arseniate 
formed  in  the  roasting  react  with  iron  arsenide  to  form  ferrous 
oxide  and  nickel  arsenide.  The  iron  is  slagged.  Instances  of  this 
method  have  not  come  to  the  knowledge  of  the  writer. 

h.    CONVERSION  OF  COARSE  SPEISS  INTO  REFINED  NICKEL  SPEISS 

This  conversion,  which  aims  at  the  removal  of  the  iron  with  it& 
equivalent  of  arsenic,  consists  either  (1)  in  roasting  the  coarse  sjjeiss^ 
and  then  smelting  it  in  blast  furnaces,  and,  if  necessary,  repeating 
the  whole  process  on  the  speiss  obtained ;  or  else  (2)  roasting, 
smelting  in  reverberatories,  and  always  repeating  the  operation  on 
the  insufficiently  pure  product ;  or  else  (3)  smelting  the  roasted 
coarse  speiss  in  crucibles ;  or  else  (4)  taking  the  speiss  formed  by 
roasting  the  coarse  one  and  smelting  in  either  of  the  two  sorts  of 
furnaces,  then  subjecting  the  product  to  an  oxidising  fusion  in  a 
reverberatory  furnace  without  previous  roasting. 

The  chemical  changes  in  roasting  the  speiss  are  the  same  as  in 
roasting  the  ore. 

The  changes  in  smelting  this  roasted  speiss  in  blast  furnaces  are 
the  same  as  for  similar  smelting  of  roasted  ore,  except  for  the  slag- 
ging of  the  earthy  matter.  When  the  smelting  takes  place  in  a 
reverberatory  furnace,  the  changes  are  chiefly  these  ;  iron  arsenide 
reacts  with  nickel  monoxide  and  arseniate  to  form  ferrous  oxide  and 
nickel  arsenide.  The  ferrous  oxide  is  slagged  by  means  of  the  silica 
present  in  the  hearth,  or  added,  or  by  the  addition  of  potash  and 
soda,  while  nickel  forms  a  speiss. 

Smelting  in  crucibles  entails  the  same  changes  as  smelting  in 
reverberatory  furnaces. 

When  unroasted  speiss  undergoes  an  oxidising  fusion  in  hearths 
or  reverberatories,  the  iron  is  first  oxidised  or  converted  into  iron 
arseniate  (as  in  the  Plattner  nickel  assay),  and  then  is  .slagged  by 
means  of  sand,  glass  and  quartz  strewed  on  the  molten  metaL 
After  iron  follows  cobalt,  and  nickel  after  that.  The  process  of 
1  Berg,  unci  Hiitt.  Ztij.,  p.  206. 
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oxidation  can  be  so  regulated  by  repeated  drawing  off  of  slag,  and 
repeated  strewing  of  sand  or  poor  quartzose  ores  on  the  molten 
mass,  that  nickel  remains  combined  as  arsenide,  while  iron  passes 
into  the  slag. 


Fig.   326. 


Fig.  327. 


The  roasting  of  the  speiss  is  carried  on  in  stalls  or  reverberatory 
furnaces.  Here  also  condensing  chambers  are  added  to  make  the 
products  harmless,  or  to  collect  the  arsenic  trioxide.  The  Flechner 
reverberatory  furnace  described  above  ^  has  been  used,  with  specially 
g(jod  results,  either  with  gas  or  with  direct  firing. 

1  P.  r)59. 
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The   blast  furnaces    for    smelting    are   similar   to    those    used 
for  ore. 
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Among  reverberatory  furnaces  for  smelting  the  speiss  or  for  re- 
fining it  by  a  blast,  the  Hungarian  furnace  and  the  Flechner 
one  with  gas  deserve  mention. 
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The  arrangement  of  the  Hungarian  reverberatory  furnace  ^  is 
shown  in   Figs.  326,  327. 

The  bed  S  of  the  furnace,  which  is  8  feet  long  and  6|  feet  in 
maximum  width,  consists  of  layers  one  above  the  other  of  slag,  clay, 
.sand  and  marl.  The  smelting  hearth  is  hollowed  out  in  the. marl 
layer.  C  is  the  roof  over  the  hearth-bed,  2  feet  7  inches  high ;  at 
the  highest  point/  are  openings,  for  the  admission  of  air,  2h  inches 
wide  at  the  nose.  Through  these,  air  at  a  pressure  of  lOh  inches 
•of  water  is  blown  into  the  hearth-chamber.  The  fire-grate  is  4  feet 
2  inches  long  and  2h  feet  wide.  This  contains  two  grates,  Ji  and  /•, 
one  over  the  other,  of  which  the  upper  B  is  made  of  slag  bricks,  the 
lower  /'  of  iron  bars.  Wood  is  burnt  on  the  upper  grate  ;  the  charred 
>sticks  fall  through  the  interstices,  shown  in  the  figure,  on  to  the  iron 
grate  underneath,  where  they  are  completely  burned. 

The  construction  of  Flechner's  reverberatory  furnace  with  gas 
fuel  is  shoAvn  in  Figs.  328  to  333. 

A  is  the  gas-producer,  B  the  hearth,  G  the  flue.  The  air  for  the 
combustion  of  the  gases  enters  at  B,  and  ascends  through  the 
■channels  /,  which  are  placed  between  d,  d,  the  exit-flues  for  com- 
bustion products.  It  is  warmed  in  the  pipe  g,  passing  under  the 
hearth  of  the  furnace,  and  then  passes  on  through  the  ports  e  into 
the  chamber  h,  where  it  is  mixed  with  the  gases  streaming  out  from 
the  producer  through  the  channel  a.  The  burning  gases  jDass 
through  the  port  e  into  the  heating  chamber,  and  thence  through 
the  port  d  into  the  chimney  C.  Through  the  hopper  i  the  fuel 
is  introduced  into  the'  producer.  The  roof  of  the  furnace  is 
movable  on  hinges.  The  air  for  combustion  is  regulated  by  the 
valve   /. 

At  the  George  Works  at  Dobschau,^  coarse  speiss  containing  16  to 
26  per  cent,  of  nickel  and  cobalt  was  roasted  in  stalls  with  from  3  to 
5  firings,  and  then  smelted  to  a  concentrated  speiss  in  blast  furnaces 
similar  to  those  used  for  theore.^  In  24  hours  11  tons  of  speiss,  Avith 
23  per  cent,  of  quartz  and  26'5  per  cent,  of  charcoal,  were  put 
through.     The  concentrated  speiss  contained — 

Ni  and  Co 31  "9  per  cent. 

Cu 1-9 

Fe 26-4 

As 36-3 

8         31 

^  Bery.  niid  Hutl.  Ziij..  1S7S,  p.  -im  ;  Keil,  MetaUhiUtenhmdt ,  p.  j.38. 
-  Btrij.  and  Hutt.  Zt<j.,  1878,  p.  200.  ^  P.  oG2. 
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This  spciss  was  roasted  three  or  four  times  in  stalls,  and  then 
•again  smelted  to  a  doubly  concentrated  speiss  in  one  of  the  Hungarian 
furnaces  described  above.  The  charge  in  it  was  1*8  to  2  tons 
of  roasted  speiss.  When  the  roasted  material  was  all  fused,  which 
took  10  hours,  the  air  blast  was  turned  on,  and  glass,  quartz  and 
•soda  were  added.  To  prevent  cobalt  in  appreciable  quantity  being 
•slagged,  the  whole  of  the  iron  was  not  removed,  but  the  blast  stopped 
when  the  iron,  all  but  8  or  10  per  cent.,  was  removed  (after  12  to  14 
hours).  100  parts  of  the  roasted  concentrated  speiss  required 
2  parts  of  glass,  4  of  quartz,  and  1  of  soda.  The  doubly  concentrated 
speiss  had  this  composition  : — 

Ni  and  Co .  50 — 52  per  cent. 

Cu 1—2 

Fe 8—10 

As 38—40 

S       1—2 

The  slag  contained  1  or  2  per  cent  Ni  and  Co,  and  was  added  to 
•ores  during  smelting.  From  the  doubly  concentrated  speiss  nickel 
and  cobalt  were  extracted. 

At  the  Maudling  Works  ^  in  Austria,  the  coarse  speiss  from 
Schladming  in  Styria  was  worked  up.  It  contained  45  to  47  per 
•cent,  of  nickel  and  4  to  6  per  cent,  of  cobalt.  It  was  first  roasted  in 
a  reverberatory  furnace  with  octagonal  hearth  and  eight  working 
•doors,  the  central  fireplace  being  situated  under  the  middle  of  the 
bed.  After  this  it  was  smelted  in  graphite  crucibles  with  potash  and 
quartz.  The  crucibles  were  placed  eight  in  each  air  furnace,  and  each 
contained  35  to  45  lbs.  of  the  roasted  coarse  speiss,  with  30  per  cent, 
potash  and  12  per  cent,  quartz.  The  heating  of  this  furnace  took 
:3  hours,  then  the  fusion  took  place  after  6  hours  more ;  the  crucibles 
remained  17  more  hours  in  the  fire,  and  then  were  taken  out 
and  emptied.  In  24  hours  194  cub.  ft.  charcoal  were  used.  100 
parts  of  roasted  coarse  speiss  gave  55  refined  speiss  with  67 
per  cent,  of  Ni,  Co  and  Cu,  2  per  cent,  of  Fe  and  31  per  cent,  of 
As.  The  slag  was  a  mixture  of  arseniates  and  silicates  of  cobalt 
and  iron. 

At  Leogang,  in  Salzburg,-  the  coarse  speiss  was  roasted  in  stalls 
three  or  four  times,  and  then  smelted  to  a  concentrated  speiss  in  blast 
furnaces  with  quartz  and  slag  from  the  first  smelting.  The  latter 
speiss  was  subjected  to  a  blast  in  a  Hungarian  reverberatory  furnace 

1  Ber<j.  und  HiUt.  Ztij.,  1878,  p.  206.  -  Ihid. 
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on  a  quartz  bed.  The  blast  was  continued  with  repeated  removal  of 
slag  and  addition  of  sand  until  all  the  iron  was  slagged.  The  slag 
resulting  contained  cobalt,  and  was  smelted  with  quartz  and  arsenic 
into  a  cobalt  speiss. 


C.   CONVERSION    OF    REFINED    SPEISS    INTO    RAW   NICKEL 

This  conversion  is  effected  by  a  complete  roasting  of  the  speiss- 
and  subsequent  reduction  to  metal. 

a.   The  Dead  Boasting  of  Refined  Nickel  Speiss 

The  object  of  this  is  to  convert  the  arsenide  of  nickel  entirely 
into  monoxide.  It  is  done  by  repeated  roasting,  the  decomposition  of 
any  arseniate  formed  being  ensured  by  the  addition  of  carbonaceous 
matter,  or  part  of  the  arsenic  may  be  converted  into  alkaline 
ai-seniate  by  the  addition  of  saltpetre  and  soda  during  the  roasting. 
Again,  the  two  treatments  may  be  combined,  and  first  carbonaceous 
matter,  secondly  saltpetre  (alone  or  with  soda)  added  to  the  speisa 
during  roasting. 

Nickel  arsenide  is  oxidised  to  monoxide  and  to  arseniate,  while 
arsenic  trioxide  escapes.  The  arseniate  may  be  made  to  give  off 
some  arsenic  and  form  a  basic  compound  by  raising  the  temperature. 
But  in  presence  of  carbon  it  is  reduced  to  arsenide,  which  again 
becomes  converted  partly  into  monoxide,  partly  into  arseniate,  by 
oxidation,  while  more  arsenic  trioxide  is  given  off.  The  amount 
of  arseniate  present  thus  diminishes,  and  in  this  way,  by  alternate 
oxidation,  and  reduction,  all  the  arsenic  is  finally  removed. 

Again,  the  addition  of  saltpetre  to  the  charge  converts  the 
arsenic^  into  an  alkaline  arseniate,  easily  removed  by  washing  with 
water.  By  taking  advantage  of  this  action  the  last  portions  of 
arsenic  and  of  sulphur  are  removed,  the  sulphur  as  alkaline  sulphate. 
Frequently  soda,  or  soda  and  salt,  is  added  with  the  saltpetre. 
By  the  action  of  the  salt  some  arsenic  chloride  (and  antimon}' 
chloride  from  any  antimony  present)  are  formed  and  volatilised. 

(Apart  from  roasting,  arsenic  may  be  removed  also  by  smelting- 
the  speiss  with  saltpetre  and  soda,  or  smelting  it  with  soda  and 
sulphur,  and  washing  out  the  salts  formed ;  or  it  can  be  removed  in 
the  form  of  sulphide  of  arsenic  by  heating  the  speiss  with  sulphur  in 
absence  of  air.) 
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At  Schlaclmina:  ^  the  refined  spei.ss  was  completely  roasted  in  a 
furnace,  of  which  the  construction  may  be  seen  in  Figs.  884, 
335,  886.2 

The  fireplace / lay  under  the  hearth^,  which  was  (i  feet  0  inches 
square.  The  gaseous  products  of  combustion  j)assed  up  the  perpen- 
dicular chimney  h  opening  into  the  heating  chamber  in  the  middle 
of  the  hearth.  They  left  this  latter  by  four  openings  z  at  the 
four  corners,  which  openings  served  also  as  working  ports,  thence 
into  chimney  hoods  over  the  corners,  and  over  the  arch  of  the  furnace 
into  the  chimney  y. 

The  charge  in  the  furnace  was  4  cwt.  of  speiss,  which  was  dead 
roasted  in  24  hours,  using  wood  fuel.  After  20  hours  had  elapsed, 
about  45  lbs.  of  a  mixture  of  equal  quantities  of  saltpetre  and  soda 
was  added,  which   converted  the  arsenic  still  present  into  alkaline 
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Fig.  3.35. 


Fig.  33(>. 


arseniate.     This  was  dissolved  out  after  the  roasting,  in  a  tub  with 
water.     The  residue  consisted  of  nickel  oxide. 

At  the  George  Works  at  Dobschau,  in  Hungary,  the  refined 
speiss  was  roasted,  in  1867,  in  a  reverberatory  with  double  hearth. 
Towards  the  end  of  the  first  roasting,  pine  needles  or  charcoal  dust 
was  added  to  the  mass  at  intervals  of  about  half  an  hour.  The 
product  was  sieved  and  ground,  and  then  mixed  with  10  per  cent,  of 
its  weight  of  soda,  5  per  cent,  of  saltpetre,  and  10  per  cent,  of  sea  salt, 
and  subjected  to  a  second  roasting  for  4  hours.  In  this,  arsenic  and 
antimony  were  partly  volatilised  as  chlorides,  partly  converted  inta 
alkaline  arseniates  and  antimoniates.  On  account  of  these  the  mass 
remained  pasty  for  2  hours.  After  the  roasting  the  arseniates  and 
antimoniates  were  removed  by  repeated  washing  with  hot  water. 


1  Berrj.  mid  Hiltt.  Ztg.,  1878,  p.  228. 
-  Kerl,  MetaUhuttenlcunde ,  p.  548. 
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/S.    Reductimi  of  Dead  Boasted  Speiss  to  Crude  Nickel 

This  is  done  in  the  same  way  as  the  reduction  of  a  eompletelyroastcd 
matte  of  nickel,  given  abovc.^  If  the  speiss  contains  copper,  so  will 
the  crude  nickel.  At  Schladming  in  Styria,  from  1800  to  18(37,- 
the  dead  roasted  and  ground  speiss  was  mixed  with  4  per  cent,  of 
syrup,  and  made  up  on  a  tin  plate  into  cakes  weighing  3"7  lbs., 
G  inches  wide,  10  inches  long,  and  ^  inch  thick ;  these  were  dried  and 
cut  into  cubes.  The  cubes  were  dried  in  the  sun  or  in  a  baking-oven 
and  reduced  to  metal  in  crucibles  of  fire-clay.  Each  crucible  took  a 
charge  of  2G  to  29  lbs.  of  the  cubes  of  nickel  monoxide,  with  8  lbs.  of 
coal  dust ;  40  crucibles  were  placed  in  a  round  furnace,  represented 
in  Figs.  337,  338.  R  is  the  heating  chamber  which  receives  the 
crucibles  ;  the  fireplace  is  below  it.     The  products  of  combustion  pass 


Fig.  337 


FiG.   33S. 


from  the  fireplace  r  through  an  opening  o  in  the  middle  of  the  bed, 
into  the  heating  chamber,  thence  through  6  flues  z  into  a  chamber 
above  the  arch  of  the  furnace,  thence  into  the  chimney  v. 

The  heating  of  the  crucibles,  performed  with   wood   fuel,  lasted 
48  hours.     At  each  operation  7  cwt.  of  crude  nickel  were  obtained. 


B.    EXTK ACTION    OF    XlCKEL    FROM    METALLURGICAL    PRODUCTS 

Nickel  or  its  alloys  can  be  extracted  in  the  dry  way  from  various 
metallurgical  residues,  particularly  certain  forms  of  speiss  obtained 
from  copper,  lead  and  silver  ores  which  contain  nickel  as  an  impurity, 
often  very  slight  in  quantity.  Further,  coarse  or  blister-copper 
frequently  contains  nickel,  which  collects  in  this  product  if  there  is 
but  little  arsenic  in  the  copper  ore ;  and  there  are  also  slags  and  iron 
sows  containing  nickel. 


J'.  .V)L 
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The  spciss  is  worked  uj)  in  the  same  way  as  the  coarse  speiss 
obtained  in  the  extraction  of  nickel  from  its  arsenical  ores.  If  it 
contains  large  quantities  of  lead,  copper  and  silver,  it  is  sought  to 
separate  lead  and  silver  as  an  alloy  (argentiferous  lead)  and  the 
copper  as  a  matte.  Lead  may  always  be  removed  from  the  speiss  by 
roasting  and  reduction,  and  takes  with  it  the  greater  part  of  any 
.silver  that  may  be  present.  Thus  most  of  the  silver  is  disposed  of  in 
the  same  process^  The  copper  is  converted  into  sulphide  by  smelting 
with  heavy  spar,  or  with  pyrites  if  that  cannot  be  obtained.  There 
results  after  these  oi^erations  a  speiss  richer  in  nickel  and  mostly 
free  from  the  other  metals,  and  this  is  worked  up  by  the  processes 
mentioned  above. 

So,  for  example,  at  Freiberg,  a  speiss  containing  all  three  of  the 
above  metals  served  for  the  extraction  of  the  three,  and  was  smelted 
several  times  in  a  blast  furnace  with  the  addition  of  heavy  spar,  lead 
residues  and  slag,  and  was  converted  into  argentiferous  lead,  copper 
matte,  and  a  speiss  containing  but  little  silver,  lead  and  copper. 
The  speiss  thus  enriched  in  cobalt  and  nickel  up  to  15  or  18  percent, 
was  smelted  in  a  reverberatory  furnace  without  any  previous 
roasting,  with  the  addition  of  50  to  60  per  cent,  of  heavy  spar,  and 
20  to  25  per  cent,  of  quartz  ;  the  products  were  a  copper  matte 
containing  lead,  and  a  speiss  containmg  40  to  44  per  cent,  of 
nickel,  8  per  cent,  of  copper,  and  free  from  iron. 

Copper  containing  nickel  is  subjected,  to  a  blast,  which  gives  a 
dross  containing  nickel,  and  copper  free  from  it.  The  dross  may  be 
smelted  in  a  blast  furnace  again  to  coarse  copper  containing  nickel,  or 
it  may  be  smelted  into  a  speiss  when  large  quantities  of  arsenic  and 
antimony  are  present.  This  coarse  copper  from  the  dross,  called 
dross  or  Avaste  copper,  gives  on  refining  or  subjecting  to  the  blast  a 
second  dross  richer  in  nickel  and  cobalt.  By  smelting  this  in  a 
furnace,  copper  still  richer  in  nickel  is  obtained.  So  by  the  repetition 
■of  these  processes  the  final  result  is  a  nickel-copper  alloy,  which  is 
sold  to  the  nickel  works. 

Or  again,  the  dross  may  be  smelted  with  pyrites  to  a  matte  con- 
taining nickel,  or  with  heavy  spar  and  arsenical  pyrites  to  a  speiss 
and  a  copper  matte.  Again,  nickel  can  be  extracted  from  coarse 
copper  in  the  wet  way. 

The  metal  is  obtained  from  slags  containing  nickel  without  copper 
by  smelting  them  in  blast  furnaces  with  heavy  spar  or  pyrites, 
yielding  a  nickel-bearing  matte,  or  with  arsenical  pyrites,  giving  a 
nickel  speiss.  But  if  the  slag  holds  copper  in  quantities  worth 
recovering,  the  smelting  is  carried    on    with   arsenical  pyrites  and 
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either  heavy  spar  or  iron  pyrites,  so  as  to  obtain  nickel  in  a  speiss, 
copper  for  the  most  j)art  in  a  matte.  This  does  not  effect  a  satisfactory 
separation.  It  is  therefore  necessary,  in  case  the  separation  is  very 
incomplete,  to  treat  again  the  speiss  containing  copper  and  the  matte 
containing  nickel  with  heavy  spar  and  arsenical  pyrites. 

For  example,  in  Altenau  the  slags  from  the  refining  of  dross 
copper,  containing  both  copper  and  nickel,  were  smelted  in  blast 
furnaces  with  iron  pyrites  and  arsenical  pyrites  to  a  speiss  and  a 
matte  of  the  following  compositions  : — 

Speiss.  Matte. 

Ni  and  Co 2677  .  .  .  6-10 

Cu 19-85  .  .  .  87-24 

Fe 15-82  .  .  .  20-84 

Pb 12-14  .  .  .  1610 

As 12-15  ...  trace 

Sb 10-01  .  .  .  0-47 

S 4-57  .  .  .  19-25 

The  speiss  was  roasted  in  heaps  three  times  over,  and  then  re- 
smelted  in  the  same  way,  with  5  per  cent,  arsenical  pp-ites,  12-5  per 
cent,  heavy  spar,  50  per  cent,  slag  from  copper  refining,  and  50  per 
cent,  slags  from  lead  matting,  into  a  second  speiss  and  matte.  Of 
these  the  compositions  are  : — 

Speiss.  Jfatte. 

Ni 3513  .  .  .  4-37 

Cu 17-18  .  .  .  37-45 

Fe 8-41  .  .  .  12-68 

Pb 6-59  .  .  .  22-81 

As 18-65  .  .  .  trace 

Sb 10-82  .  .  .  trace 

S 2-16  .  .  .  24-48 

Co 10-70  ...  — 

The  speiss  was  disposed  of  to  cobalt  works. 

When  nickel  is  to  be  extracted  from  iron  sows,  they  may  be 
subjected  to  a  blast  in  small  refining  hearths,  and  the  iron  oxide 
resulting  slagged  with  quartz.  In  this  way  alloys  are  ultimately 
produced  containing  much  nickel  and  copper ;  the  method  was 
formerly  in  use  at  Klefva,  in  Sweden.  Or  by  using  the  blast  on  a 
small  hearth,  and  strewing  nickel,  coarse  matte  or  nickel  ore  on  the 
mass,  the  nickel  will  be  obtained  in  a  matte.  This  was  2)ractised 
formerly  at  the  Ringerick  Works,  in  Norway. 
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At  one  works  in  Saxony,^  iron  sows  are  treated,  which  contain 
molybdenum,  the  composition  being  80  per  cent,  of  Fe,  2"5  per  cent, 
of  Cu,  2  per  cent,  of  Ni,  1'5  ])er  cent,  of  Co,  6  per  cent,  of  Mo,  8  per 
cent,  of  S.  After  being  broken  small  they  are  roasted  in  a  rever- 
beratory  furnace  and  then  subjected  to  oxidising  smelting  in  a  similar 
furnace  with  quartz  as  a  slagging  material ;  in  this  way  the  greater 
part  of  the  iron  is  slagged  off,  and  a  regulus  is  obtained,  rich  in 
molybdenmn,  nickel  and  cobalt.  This  latter  is  heated  to  redness  in 
a  reverberatory  with  saltpetre  and  soda,  so  as  to  form  alkaline 
molybdates.  These  are  removed  by  lixiviation,  and  the  residue 
consists  chiefly  of  a  mixture  of  oxides  of  nickel,  cobalt  and  copper. 
This  is  smelted  into  a  speiss  with  arsenical  pyrites. 

C  New  Proposals  for  the  Extractiox  of  Nickel  from  its  Ores, 
AND  FROM  Metallurgical  Products,  in  the  Dry  Way 

Among  new  dry  methods  that  have  been  suggested,  Mond's 
requires  mention.  In  this  the  nickel  in  ores  or  residues,  in  which  it 
occurs  as  monoxide,  is  removed  as  nickel  carbonyl  [Ni(C0)4],  which  is 
decomposed  into  nickel  and  carbon  monoxide  at  a  higher  temperature. 
Mond  discovered  that  finely  divided  nickel  in  the  presence  of  carbon 
monoxide  at  a  temperature  below  1.50°  was  converted  into  gaseous 
nickel  carbonyl.  This  compound  condensed  to  a  colourless  liquid, 
boiling  at  43°,  and  the  vapour  was  decomposed  into  its  constituents 
on  heating  to  180°. 

According  to  Mond,  nickel  monoxide  should  first  be  produced 
by  roasting  the  ores  or  residues  (especially  the  Canadian 
pyrrhotite),  and  this  compound  reduced  to  nickel  by  means  of 
hydrogen,  or  some  other  gaseous  reducing  agent,  at  a  temperature  of 
350°  to  400°.  The  metal  obtained  by  this  method  in  a  state  of  very 
fine  division  should  be  exposed  to  a  current  of  carbon  monoxide  at  a 
temperature  of  50°,  when  the  nickel  volatilises  in  the  form  of  nickel 
carbonyl.  The  current  of  gas  containing  this  compound  is  to  be  led 
into  closed  vessels,  in  which,  when  they  are  heated  to  180°,  nickel  is 
deposited  in  the  metallic  form  and  exceedingly  pure.  The  carbon 
monoxide  set  free  can  be  used  again  in  the  process. 

This  operation,  which  would  seem  to  be  surrounded  by  many 
technical  difficulties,  has  been  carried  out  on  the  large  scale  in 
Birmingham.  There  is  no  account  to  hand  of  the  economic  results 
obtained. 

1  Berg,  und  Hiltt.  Ztcj.,  IS78,  p.  213. 
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II.    EXTRACTIOX  OF   NiCKEL  IX  THE  WeT  WaY 

The  wet  way  is  especially  used  at  present  to  extract  pure  nickel 
or  nickel  oxide  from  speiss  and  matte  containing  copper  and  cobalt. 
It  is  most  unusual  to  submit  ores  directly  to  such  a  process,  for  in 
the  great  majority  of  cases  it  is  cheaper  to  concentrate  the  nickel 
first  in  the  dry  way,  forming  a  speiss  or  matte.  This  is  especially 
true  of  ores  containing  sulphur  and  arsenic.  A  great  variety  of 
methods  have  recently  been  proposed  for  extracting  nickel  in  the  wet 
way  from  the  ores  in  which  it  occurs  as  silicate  (garnierite),  though 
very  few  of  these  seem  ever  to  have  been  applied.  At  present  it 
still  seems  more  profitable  with  these  ores  to  concentrate  the  amount 
of  nickel,  even  although  not  very  high,  and  to  form  a  matte  in  the 
dr}'  Avay. 

We  distinguish  then  : — 

A.  Extraction  of  nickel  directly  from  the  ores. 

B.  „  „  from  smelting  products. 

A.  Extraction  of  Nickel  direct  from  the  Ores 

If  the  ores  contain  arsenic  or  sulphur  they  must  be  roasted 
before  being  treated  with  solvents.  (Sulphuretted  ores  may  be 
prepared  for  a  wet  method  by  smelting  with  potassium  carbonate  and 
sulphur,  as  at  the  Gap  Mine,  Pennsylvania.)  ^  Ores  such  as  garnierite, 
containing  nickel  silicate,  can  be  treated  direct  with  solvents. 
Hj^drochloric  acid  is  generally  the  one  used,  occasionally  dilute 
sulphuric  acid.  The  latter,  however,  causes  the  formation  of  a 
precipitate  of  calcivnii  sulphate  afterwards,  during  the  treatment  of 
the  solution  with  carbonate  of  lime  and  milk  of  lime. 

Ferric  sulphate  has  been  suggested  by  Emmens  -  (Gossan  process) 
as  the  solvent  for  the  sulphuretted  ores  of  Canada.  According  to  him 
the  nickel  in  Canadian  pyrrhotite  is  dissolved  out  by  this  reagent, 
even  from  the  unroasted  ore,  but  the  solution  of  nickel  from  the  roasted 
ore  seems  to  be  very  much  more  rapid.  Emmens  therefore  suggests  the 
roasting  of  the  ore  in  furnaces,  or  the  weathering  of  it,  and  subse- 
qiiently  treating  it  with  ferric  sulphate  in  wooden  vats.  Nickel  is  to 
be  precipitated  from  the  liquor  as  hydrate.  The  process  has  not 
yet  been  put  into  practice. 

This  process  has  been  tried  experimentally  by  the  Canadian 
Copper  Company,  but  not  brought   into   definite  use.     In  the  most 

'  Bery.  und  Hiilt.  Zt<j.,  1S77,  p.  300. 
-  Mineral  [luliistri/,  1892,  p.  355. 
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favourable  cases  only  one-third  of  the  amount  of  nickel  and  two-thirds 
of  the  copper  of  the  ore  are  brought  into  solution  by  ferric  sulphate.^ 

Macfarlane  proposed  to  convert  the  nickel  of  the  Canadian 
sulphuretted  ore  into  chloride  by  roasting  with  common  salt,  and  to 
leach  the  })roduct  with  water  to  dissolve  this  chloride.  Iron  was  to  be 
})recipitated  from  the  liquor  by  a  small  (quantity  of  caustic  soda,  and 
any  copper  present  by  sodium  sulphide.  Finally  the  nickel  was  to  be' 
precipitated  as  hydrate  by  caustic  soda.  But  nothing  is  as  yet 
known  with  regard  to  the  extent  to  which  this  method  is  put  into 
practice. 

Ricketts  -  brings  nickel  and  copper  into  solution  as  sulphates,  and 
then  precipitates  the  nickel  as  basic  sulphate  by  alkalies  and  alkaline 
sulphates.  The  basic  sulphate  is  converted  into  monoxide  by  strong 
heating.  Then  the  copper  remaining  in  solution  can  be  deposited 
electrolytically. 

Richardson^  converts  both  nickel  and  copper  into  chlorides,  and 
separates  the  two  salts  by  fractional  distillation  in  an  atmosphere  of 
hydrochloric  acid  gas. 

The  way  in  which  the  solution  is  generally  treated  is  as  follows  : — 

It  is  first  treated  with  sulphuretted  hydrogen  or  an  alkaline 
sulphide  to  precipitate  copper,  bismuth,  lead,  arsenic  and  any  metals 
precipitable  by  these  reagents.  Then  it  is  treated  Avith  chloride  of 
lime  to  convert  the  iron  into  peroxide,  which  is  precipitated  by 
calcium  carbonate.  With  the  iron  any  arsenic  present  is  got  rid  of 
as  iron  arseniate.  Next  comes  the  separation  of  cobalt  as  sesquioxide 
by  chloride  of  lime.  Finally  the  nickel  is  precipitated  as  nickelous 
hydrate  by  milk  of  lime  or  soda.  The  hydrate  is  converted  into 
oxide  by  heating  to  redness,  ground  up  fine,  and  treated  with  dilute 
acid  to  remove  excess  of  chalk  and  calcium  sulphate. 

If  copper  is  to  remain  with  nickel,  and  an  alloy  of  the  two 
finally  produced,  the  liquid  can  be  treated  at  once  with  calcium 
carbonate,  after  previously  oxidising  the  iron,  and  thus  removing 
arsenic  and  iron.  This  is  as  long  as  the  metals  of  the  sulphuretted 
hydrogen  group,  other  than  arsenic,  are  absent. 

Occasionally  the  nature  of  the  ore  renders  modifications  of  these 
processes  necessary.  Further,  special  plans  have  very  recently  been 
elaborated  for  the  treatment  of  nickel  silicate,  garnierite  in  particular, 
but  have  come  to  a  very  small  extent  into  practical  use,  and  there- 
fore can  only  be  mentioned  shortly. 

1  Mineral  I ndnslry,  18ft-t,  p.  463. 

-  American  Patents  of  Oct.  3,  1893,  and  Fel).  6,  1894. 

*  American  Patent,  April  10,  1894. 
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Formerly  arsenical  ores  (jf  nickel  were  worked  b}'  the  wet 
method  in  Hungary  ^  and  in  Bohemia  ;  it  is  now  no  longer  used  for 
these  ores.  The  ores  were  treated  with  hydrochloric  acid  after 
preliminary  roasting  (Louyet's  process),  and  the  solution  was  diluted 
Nvith  water,  to  precipitate  the  bismuth  as  basic  chloride.  Then 
chloride  of  lime  was  added,  to  oxidise  ferrous  oxide  and  arsenious 
oxide,  after  which  milk  of  lime  precipitated  ferric  hydrate  and 
arseniate.  Copper  was  j^recipitated  by  sulphuretted  hydrogen  or 
sulphide  of  barium,  then  cobalt  as  sesquioxide  with  chloride  of  lime 
and  lastly  nickelous  hydrate  by  milk  of  lime. 

At  Joachimsthal  -  in  Bohemia  the  silver  ores  containing  from  5  to 
10  per  cent,  of  nickel  and  cobalt  were  formerly  roasted  in  a  current 
of  steam.  Silver  was  then  separated  as  metal  and  nickel,  and  cobalt 
arseniates  were  formed.  The  roasted  product  was  first  treated  with 
dilute  sulphuric  acid,  and  then  with  hot  nitric  acid.  The  fonner 
dissolved  nickel  and  cobalt  arseniates,  the  latter  the  silver  and  the 
remaining  cobalt  and  nickel.  After  the  silver  had  been  precipitated 
by  common  salt  the  nitric  acid  solution  was  mixed  with  the  sulphuric 
acid  solution,  and  the  whole  treated  with  ferric  chloride  to  convert 
the  arsenic  into  ferric  arseniate.  Powdered  limestone  caused  the 
precipitation  of  ferric  arseniate,  and  from  the  solution  remaining 
cobalt  and  nickel  were  successively  thrown  down  by  chloride  of 
lime  and  milk  of  lime  respectively. 

Special  proposals  to  separate  nickel  from  silicates  (garnierite  and 
rewdanskite)  are  as  follows : — 

Herman^  heats  rewdanskite  with  sulphuric  acid  in  stoneware 
vessels  until  the  acid  begins  to  vaporise,  lixiviates  the  mass,  oxidises 
the  iron  with  salt  and'  saltpetre,  precipitates  it  by  chalk,  and  pre- 
cipitates nickel  sulphide  by  sodium  sulphide.  This  is  completely 
roasted  and  the  monoxide  reduced. 

Laroche^  treats  garnierite  with  its  own  weight  of  sulphuric 
acid  56°  to  60°  B.,  Avashes  the  solid  product  with  warm  water,  and 
adds  ammonium  sulphate  in  quantity  equivalent  to  the  nickel 
sulphate  present,  and  thus  separates  crystals  of  nickel-ammonium 
sulphate  from  the  solution  by  evaporating  down  and  cooling.  These 
are  dissolved  in  boiling  Avater,  and  nickel  carbonate  precipitated  by 
solution  of  soda.  Instead  of  ammonium  sulphate,  an  equivalent 
quantity  of  alkaline  oxalate  may  be  added,  and  nickel  oxalate  thrown 

1  Btnj.  und  Hiitttn.  Zt<j.,  1849,  p.  SiiO. 
-  Kerl,  Metallhiitttiikiiiifle,  p.  o'A. 
'■>  Ber<j.  und  Hiitt.  Zt(j.,  1876,  p.  308. 
*  Wagner,  Jahre-iltrkhte,  1879,  p.  235. 
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down  from  the  solution.  The  precipitate  is  treated  with  boiling 
soda  solution  at  about  110°  C,  when  nickel  carbonate  is  formed 
together  with  the  alkaline  oxalate.  The  carbonate  is  reduced  to 
metal,  and  the  oxalate  is  used  over  again. 

Rousseau  ^  dissolves  the  mineral  in  hydrochloric  acid,  oxidises 
the  iron  with  chloride  of  lime  and  precipitates  it  with  calcium 
carbonate.  Then  he  precipitates  nickel  with  milk  of  magnesia. 
The  solution  remaining,  consisting  of  magnesium  and  calcium 
chlorides,  is  evaporated  down,  and  he  proposes  to  obtain  hydro- 
chloric acid  and  magnesia  from  the  solid  residue  by  heating  in  a 
current  of  steam. 

Kamienski  ^  dissolves  the  ore  in  dilute  hydrochloric  acid,  oxidises 
the  iron  by  a  current  of  chlorine,  precipitates  it  with  magnesium 
carbonate,  and  decants  off  the  warm  liquid,  and  precipitates  most  of 
the  nickel  as  carbonate,  with  soda.  Then  the  solution  is  again 
treated  with  soda  in  the  cold  to  precipitate  magnesia  and  the  rest 
of  the  nickel.  The  solution  containing  sodium  and  magnesium 
chlorides  is  evaporated  down  until  salt  crystallises  out.  From  the 
remaining  liquid  magnesium  chloride  can  be  separated  by  evapora- 
tion ;  the  latter  salt  will  yield  hydrochloric  acid  if  heated  to  150°  in 
a  current  of  steam. 

Araud  ^  mixes  the  ore  into  a  paste  with  hydrochloric  acid,  and 
heats  this  in  fireproof  retorts  until  the  chlorides  formed  volatilise. 
They  are  condensed  and  dissolved  in  water.  From  the  solution  iron 
is  precipitated  by  calcium  carbonate,  and  then  nickel  by  milk  of  lime. 

Sebillot  *  has  suggested  twii  methods.  One  is  to  mix  the  ore  with 
sulphuric  acid  and  ammonium  sulphate,  to  add  water  and  allow  nickel 
to  crj^stallise  out  of  the  solution  as  sulphate.  The  crystals  are  re- 
dissolved  and  nickel  precipitated  from  this  solution  in  the  usual  way. 
The  second  way  is  to  heat  the  ore  with  sulphuric  acid  in  a  rever- 
beratory  furnace,  to  leach  the  solid  mass  remaining  with  water,  preci- 
pitate iron  by  calcium  carbonate  after  oxidising  with  chloride  of  lime, 
then  to  precipitate  magnesium  by  sodium  phosphate.,  and  finally 
allow  nickel  sulphate  to  crystallise  out  of  the  lye. 

Dixon  ^  smelts  the  ore  to  a  speiss  and  treats  this  in  the  wet  way 
to  be  subsequently  described. 

Allen  treats  the  powdered  ore  with  sulphuric  acid  in  the  cold,, 
adding  some  Chili  saltpetre  ;  then  heats  the  mass  to  redness,  lixiviates 
with  water,  precipitates  first  iron  and  chromium  by  calcined  magnesia,, 

1  Ber(j.  unci  Hutt.  ZUj.,  1878,  p.  260.  2  ji^i^^ 

3  Loc.  cit.,  p.  260.  ■*  Loc.  cit.,  p.  260.  ^  ^oc  cit.,  1879,  p.  395. 
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then  nickel  as  sulphide  by  sulphuretted  hydrogen.  The  sulphide  is 
completely  roasted  and  reduced. 

Christofle  ^  has  suggested  several  methods  of  treating  garnieritie 
in  the  wet  way.  These  all  appear  to  consist  chiefly  in  the  smelting 
of  the  ores  to  a  matte  and  treating  this  as  will  be  subsequently 
described. 

The  processes  for  direct  wet  treatment  of  the  ore  were  as 
follows : — 

1.  The  powdered  ore  is  leached  first  with  dilute,  then  with  strong 
hydrochloric  acid.  Iron  is  precipitated  from  the  solution  in  strong 
acid  by  quicklime  or  chalk,  and  then  nickel  by  milk  of  lime. 

2.  The  powdered  ore  is  heated  with  concentrated  oxalic  acid 
solution,  which  leaves  nickel  undissolved.  The  residue  is  reduced  to 
obtain  nickel.  To  recover  the  oxalic  acid,  the  solution  is  treated 
with  milk  of  lime  and  calcium  oxalate  thrown  down,  from  Avhich 
oxalic  acid  is  separated    by  sulphuric  acid. 

3.  The  ore  is  treated  with  hot  concentrated  hydrochloric  acid, 
chloride  of  lime  added  to  the  solution,  containing  excess  of  acid,  to 
oxidise  the  iron ;  nickel  oxalate  is  precipitated  by  oxalic  acid,  and 
the  precipitate  washed  and  heated. 

4.  The  ore  is  treated  with  hot  concentrated  hydrochloric  acid, 
chloride  of  lime  is  added  to  the  acid  solution,  iron  and  aluminium  are 
precipitated  by  calcium  carbonate,  nickel  is  precipitated  as  sesqui- 
oxide  by  lime-water  and  chloride  of  lime. 

5.  The  ore  is  treated  with  concentrated  hydrochloric  acid,  iron  and 
aluminium  are  precipitated  by  the  method  of  (4),  magnesium  chloride 
is  added  (if  not  already  present  in  sufficient  quantity),  and  nickel 
is  precipitated  with  a  small  quantity  of  magnesia  by  quick-lime. 
The  precipitate  is  washed,  dried,  mixed  with  coal,  and  heated  to  a  very 
high  temperature,  when  the  sulphur  is  taken  up  by  the  magnesia. 
The  nickel  then  forms  in  grains  and  is  washed  out  of  the  ignited 
residue. 

Herrenschmidt  ^  has  brought  out  a  process  which  is  said  to 
be  in  use  at  the  works  of  the  Maletra  Chemical  Company  at  Petit 
Querilly,  near  Rouen,  France.  An  ore  from  New  Caledonia  is  em- 
ployed, with  18  per  cent,  of  manganese  dioxide,  3  per  cent,  of  cobalt 
monoxide,  1*25  per  cent,  of  nickel  monoxide,  30  per  cent,  of  ferric 
oxide,  5  per  cent,  of  alumina,  2  per  cent,  of  limestone  and  magnesia, 

1  Benj.  vnd  Hud.  Ztg.,  1878,  p.  259;  1879,  p.  138;  Wagner, /a/ir(*7yer«7i/e,  1878 
p.  233. 

^  Pelleton,  Genie  Civil,  1891,  vol.  xviii.,  p.  373 ;  Entjin,  and  Mining  Jo)irnal,  1891, 
vol.  lii.,  No.  14. 
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8  per  cent,  of  silica.  It  is  treated  with  a  concentrated  solution  of  green 
vitriol,  which  is  said  to  dissolve  manganese,  cobalt  and  nickel  as 
sulphates,  while  ferric  oxide  remains  in  the  residue.  The  liquid,  after 
being  separated  from  the  residue  and  allowed  to  settle,  is  treated  with 
sodium  sulphide  which  precipitates  cobalt,  nickel  and  a  small  quantity 
of  manganese,  as  sulphides.  The  last  can  be  removed  from  the  pre- 
cipitate by  solution  of  ferric  chloride.  The  solution  containing 
manganese  is  converted  into  calcium  manganite  by  treatment  with 
milk  of  lime  in  excess  and  a  current  of  air.  This  calcium  manganite 
is  utilised  in  the  production  of  chlorine  for  making  chloride  of 
lime  (Weldon  process).  The  precipitate  which  has  been  freed  from 
manganese,  and  contains  only  sulphides  of  nickel  and  cobalt,  is 
subjected  to  roasting  in  a  reverberatory  furnace  which  converts  it 
into  a  mixture  of  sulphates.  These  are  dissolved  in  hot  water  and 
then  converted  into  soluble  chlorides  by  calcium  chloride.  For  the 
separation  of  the  metals,  the  liquid  is  divided  into  two  parts.  From 
the  first  part,  they  are  precipitated  as  hydrates  of  protoxides  by  milk 
of  lime,  the  precipitate  is  filtered  off,  washed  into  water,  and  the 
liquid  treated  with  a  current  of  chlorine  and  air  until  the  sesquioxides 
are  formed  in  it.  The  other  half  of  the  solution  of  chlorides  is  now 
added  to  this  sesquioxide  precipitate,  and  steam  blown  through  the 
liquid  for  some  time.  Cobalt  sesquioxide  remains  undissolved,  while 
nickel  sesquioxide  passes  into  solution  as  chloride,  and  an  equivalent 
quantity  of  cobalt  sesquioxide  is  precipitated.  After  the  whole  of 
the  cobalt  has  thus  been  separated,  or  else  the  whole  of  the  nickel  has 
gone  into  solution,  the  liquid  is  separated  from  the  residue,  and 
nickel  is  precipitated  from  it  in  the  usual  way  by  milk  of  lime. 

Nothing  is  known  yet  as  to  the  economic  results  of  this  process, 
which  seems  rather  complicated,  and  capable  of  being  conveniently 
put  into  practice  only  at  Leblanc  soda  manufactories,  which  also 
make  chloride  of  lime. 

By  the  process  patented  in  Germany,^  Herrenschmidt  precipitates 
iron  and  copper  from  the  solution  containing  iron,  copper,  cobalt  and 
nickel,  as  sulphates  or  chlorides,  thus : — he  precipitates  the  iron  by 
■copper  carbonate,  and  then,  after  separating  this  precipitate,  the 
copper  by  nickel  hydrate  or  nickel  carbonate.  Lastly  cobalt  and 
nickel  are  obtained  from  the  solution  as  described  above,  after  this 
last  precipitate  has  been  removed. 

1  German  Patent,  No.  68,559. 
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B.    EXTRACTIOX   OF   NiCKEL   FROM   SMELTING   PRODUCTS 

These  processes  are  divided  into  three  groups — those  for  matte^ 
those  for  speiss,  and  those  for  slags. 

1.    EXTRACTION   OF    NICKEL   FROM    MATTE 

Matte,  whether  unroasted  or  dead  roasted,  will  dissolve  in 
acids.  If  unroasted  matte  is  treated  with  acid,  copper  sulphide 
remains  behind,  and  iron,  nickel  and  cobalt  dissolve  for  the  most 
part.  It  is  not  possible  to  remove  the  whole  of  the  cobalt  and  nickel 
from  the  residue,  so  that  the  latter  has  still  to  be  specially  treated 
for  the  two  metals. 

The  treatment  of  unroasted  matte  with  acid  is  therefore  not  to 
be  recommended ;  it  is  undertaken  only  exceptionally.  The  usual 
method  is  to  dead  roast  the  matte  before  treating  it  with  acids. 

As  ignited  ferric  oxide  dissolves  very  slightly  in  dilute  acid,  it  is 
well  to  raise  the  temperature  as  high  as  possible  at  the  end  of  the 
roasting,  so  that  as  much  iron  as  possible  may  remain  in  the  residue. 
Hydrochloric  or  sulphuric  acid  is  used  as  a  solvent,  the  former 
preferably.  If  the  roasting  has  been  successful,  practically  no  iron 
dissolves  in  either  acid.  Any  arsenic  present  remains  in  the  residue,, 
as  ferric  or  copper  arseniate. 

The  usual  method  of  treating  the  solution,  subject  to  many  varia- 
tions, is  the  following : — It  is  treated  with  sulphuretted  hydrogen  or 
an  alkaline  sulphide  to  separate  copper,  lead,  &c.  Then  iron  is 
oxidised  by  chlorine  or  chloride  of  lime,  and  precipitated  by  calcium 
carbonate.  This  precipitation  must  take  place  in  the  cold,  as  above 
40°  C.  an  appreciable  quantity  of  cobalt  separates  out.  If  copper 
has  not  been  thrown  down  as  sulphide,  part  of  it  now  separates  as 
carbonate.     If  arsenic  acid  is  present  it  comes  doAvn  with  the  iron. 

Cobalt  is  next  separated  as  sesquioxide  by  chloride  of  lime. 
Excess  of  chloride  of  lime  throws  down  nickel  as  well.  Potassium 
nitrite^  throws  down  cobalt  fz'om  a  solution  neutralised  by  potash 
and  acidified  again  by  acetic  acid,  as  cobalt-potassium  nitrite,  and 
leaves  nickel  in  solution ;  but  it  cannot  be  used  to  separate  cobalt 
when  lime  or  other  alkaline  earths  are  present,  for  then  nickel 
is  precipitated  with  the  cobalt  as  nickel-potassium-calcium  nitrite 
K,CaNi(N02V 

If  great  quantities  of  cobalt  are  in  solution,  and  extreme  purity  of 
metal  is  not  essential,  ammonium  sulphate  can  be  used  to  separate 

1  Po(j(j.  Anv.,  74,  115;  110,  411  ;  and  Ann.  Chem.  Pharm.,  96,  218. 
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cobalt  and  nickel.  This  produces  a  difficultly  soluble  double  salt  with 
nickel  sulphate ;  an  easily  soluble  one  with  cobalt  sulphate.  When  the 
solution  is  sufficiently  concentrated  by  evaporation,  the  nickel  double 
salt  separates  out  and  leaves  the  cobalt  in  solution.  The  former  is 
converted  into  nickel  monoxide  by  heating,  ignited  with  soda  and 
saltpetre,  and  lixiviated.  In  the  heating  of  the  double  salt  am- 
monium sulphate  can  be  recovered.  Cobalt  is  precipitated  from  the 
remaining  solution  of  cobalt-ammonium  sulphate  by  ammonium 
sulphide.  Cobalt  sulphide  is  roasted,  heated  with  saltpetre  and 
soda,  and  sent  into  market  as  sesquioxide. 

From  the  solution  from  which  cobalt  has  been  thrown  down  as 
sesquioxide  by  chloride  of  lime,  nickel  is  precipitated  as  hydrate 
or  as  carbonate  by  milk  of  lime  or  by  soda.  The  precipitate  is 
filtered  from  the  liquid  in  conical  linen  bags,  and,  if  calcium,  sulpha^te 
is  present,  heated  with  soda,  so  that  calcium  carbonate  and  sodium 
sulphate  are  formed.  The  latter  is  washed  out  of  the  product  by 
water,  and  the  calcium  carbonate  removed  by  dilute  hydrochloric  acid. 
The  decomposition  of  calcium  sulphate  by  soda  can  also  be  conducted 
in  the  following  way :  the  precipitate  is  heated  with  soda  solution, 
the  soda  being  present  in  excess,  and  then  the  residue  of  calcium 
carbonate  is  washed  out  with  water  acidified  with  hydrochloric  acid. 
If  hydrochloric  acid  has  been  used  as  solvent  for  the  nickel,  lime 
can  be  leached  out  from  the  calcined  nickel  monoxide  with  the  same 
acid. 

The  nickel  monoxide  obtained  in  this  way  is  reduced  to  nickel  by 
the  usual  method. 

A  direct  treatment  of  matte  with  acid  was  formerly  in  use  at  the 
Scopello  works  in  Piedmont.^  The  nickel  matte,  containing  24  per 
cent,  of  Ni,  6  per  cent,  of  Co,  12  per  cent,  of  Cu,  23  per  cent,  of  Fe,  and 
35  per  cent,  of  S,  was  treated  with  hydrochloric  acid  (33  per  cent,  of 
HCl)  in  stoneware  vessels  surrounded  with  water  in  wooden  barrels. 
Sulphuretted  hydrogen  was  emitted  from  a  tubg  in  the  cover  of  the 
vessel  and  was  burned.  After  the  matte  had  been  three  times 
treated  with  acid  the  liquid  was  syphoned  off  from  the  residue,  which 
consisted  of  the  copper  sulphide  of  the  matte  and  an  appreciable 
quantity  of  nickel  and  cobalt  sulphides.  This  was  charged  into  the 
blast  furnace  during  the  smelting  of  matte  or  ore.  The  solution, 
containing  chlorides  of  iron,  nickel  and  cobalt,  Avas  first  allowed  to 
settle,  and  then  evaporated  to  dryness  in  a  cast-iron  pot  heated  from 
above.  The  residue  after  this  evaporation,  a  pulverulent  mixture  of  the 
three  lower  chlorides,  was  heated  in  a  reverberatory  for  3  or  4. hours, 

1  Bery.  und  Hntf.  Zfg.,  1878,  p.  229. 
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with  continual  stirring,  during  which  process  part  of  the  iron  vo- 
latilised as  chloride,  part  remained  as  ferric  oxide.  After  this  treat- 
ment the  mass  was  put  into  a  vat  with  water,  and  then  the  remaining 
iron  was  oxidised  by  chloride  of  lime  and  precipitated  by  powdered 
marble.  When  the  solution  was  clear,  cobalt  was  thrown  down 
by  chloride  of  lime,  nickel  by  milk  of  lime.  The  precipitates  so 
obtained,  cobalt  sesquioxide  and  nickelous  hydrate,  were  washed  in 
woollen  sacks  until  ammonium  oxalate  caused  no  cloudiness  in  the 
wash  water.  Then  the  two  oxides  were  heated  for  12  hours,  and 
afterwards  washed  with  acidified  water. 

The  treatment  of  roasted  matte  with  acids  used  to  be,  or  is  still, 
carried  on  at  the  Isabella  works  at  Dillenburg,  at  the  Victoria  works 
in  Silesia,  at  Schneeberg  in  Saxony,  and  at  the  Christofle  works  at 
St.  Denis. 

At  the  Isabella  works  nickel  was  produced  in  the  wet  way  between 
1848  and  1857;  from  1857  to  1860  both  nickel  and  the  copper- 
nickel  alloy.     The  methods  for  each  are  briefly  described  below.^ 

(a)  In  the  earlier  process  the  red-hot  concentrated  matte  was 
quenched  in  water  to  render  it  brittle,  then  pulverised,  and  sieved. 
The  powder,  in  quantities  of  3  cwt.,  was  subjected  to  roasting  in  a 
reverberatory  furnace  in  order  to  remove  sulphur  and  oxidise  iron. 

The  roasted  product  was  mixed  to  a  thick  paste  with  sulphuric  acid 
(60°  B.)  in  vats,  and  then  gently  heated  for  two  hours  in  a  rev-erber- 
atory  furnace  ;  during  which  time  any  ferrous  sulphate  was  converted 
into  ferric,  and  any  excess  of  acid  was  driven  off.  The  dry  mass  was 
treated  with  water  to  dissolve  the  sulphates,  the  solution  then  con- 
taining iron,  copper  and  nickel  sulphates.  The  first  step  was  to 
precipitate  iron  and  copper  by  calcium  carbonate.  For  this  purpose 
the  liquid  was  raised  to  the  boiling  point  in  a  cojDper  boiler,  and  finely 
powdered  calcium  carbonate  added  by  ladles  full,  by  which  iron  and 
copper  Avere  thrown  down  as  basic  carbonates,  and  calcium  sulphate 
with  them.  As  iroj^  comes  down  before  copj)er,  the  precipitant  was 
added  only  as  long  as  iron  was  present  in  the  solution,  and  then  this 
precipitate,  containing  both  iron  and  copper,  was  removed.  A  little 
nickel  was  always  thrown  down  with  copper,  but  in  this  way  the 
presence  of  nickel  in  the  first  precipitate  was  avoided.  It  consisted 
only  of  iron  and  copper  basic  carbonates  with  calcium  sulphate,  and 
could  be  worked  up  into  copper  matte  or  copper.  The  filtrate  from 
this  precipitate  was  boiled  up  Avith  a  fresh  quantity  of  calcium 
carbonate,  and  thus  copper  thrown  down  with  a  small  amount  of 
nickel.     This  precipitate  was  added  in  the  concentration  of  nickel 

^  Schnabel,  Preiiss.  Zeitsch.,  1865,  p.  109. 
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matte.  The  filtrate  was  treated  with  milk  of  lime  to  pre- 
cipitate nickel  hydrate.  To  remove  calcium  sulphate  from  this 
precipitate  it  was  dried  and  heated  with  soda  in  fire-clay  crucibles, 
whereby  calcium  carbonate  and  sodium  sulphate  were  formed.  The 
latter  was  washed  out  by  water,  the  former  by  hydrochloric  acid. 
The  nickel  monoxide  was  reduced  in  the  usual  way,  and  formed 
cubes  with  the  composition : — 

Ni 98-29  per  cent. 

Cu     . 0-24 

Fe 0-81 

(b).  According  to  the  later  method  a  coarse  matte  of  average 
composition  : — 

Ni 13  per  cent. 

Cu 19 

Fe 35 

S  33 

was  converted  into  a  concentrated  matte  of  average  composition  : — 

Ni 24  per  cent. 

Cu 39 

Fe 12 

S  25 

This  latter  by  oxidation  under  a  blast  on  a  hearth  produced  a 
matte  composed  of: — • 

Ni 35  per  cent. 

Cu 43 

Fe 2 

S  20 

This  last  matte  was  dead  roasted,  and  then  treated  first  with 
hydrochloric,  then  with  sulphuric  acid.  The  former  dissolved 
the  greater  part  of  the  copper  and  nickel,  but  not  any  iron  present 
as  ferric  oxide  ;  the  proportion  of  the  metals  dissolved  was  7  parts 
copper  to  1  nickel.  Both  were  precipitated  from  the  solution  by  milk 
of  lime.  The  precipitate  was  compressed,  dried,  and  reduced  to 
copper-nickel  alloy,  after  the  removal  of  the  calcium  sulphate. 

The  residue  after  treatment  with  hydrochloric  acid  (about  40 
per  cent,  of  the  roasted  matte)  was  twice  treated  with  sulphuric 
acid  in  the  way  described  above,  whereby  the  greater  part  of  the 
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remaining  copper  and  nickel  and  a  portion  of  the  iron  passed  into 
solution.  The  residue  finally  remaining  was  re-roasted.  Iron  was 
precipitated  from  the  solution  by  calcium  carbonate  at  a  tempera- 
ture of  SS^'C,  and  then  copper  as  basic  carbonate_  at  70°C.  by  the 
same  agent.  A  little  nickel  accompanied  this  copper,  increasing  in 
amount  with  the  amount  of  copper.  In  order  to  make  this  quantity 
of  nickel  as  small  as  possible,  it  was  sought  always  to  dissolve  as 
much  copper  as  possible  in  the  first  treatment  with  hydrochloric, 
acid. 

The  precipitate  of  basic  carbonates  of  copper,  nickel  and  iron  was 
dissolved  in  hydrochloric  acid.  Copper  and  nickel  were  precipitated 
from  this  by  milk  of  lime.  This  precipitate  was  first  purified  and 
then  reduced  to  copper-nickel  alloy.  From  the  sulphuric  acid 
solution  still  remaining,  containing  nickel  sulphate  with  a  little 
copper  sulphate,  the  same  agent — milk  of  lime — precipitated  nickel 
hydrate,  which  was  filtered  off,  compressed,  and  then  dried. 

The  removal  of  calcium  sulphate  from  these  oxides  (the  copper 
oxide  containing  8  per  cent.,  the  nickel  monoxide  15  per  cent.) 
Avas  achieved  by  washing  them  with  dilute  hydrochloric  acid 
after  very  strong  heating.  This  acid  removed  the  calcium  sulphate, 
but  no  nickel  monoxide,  and  very  little  copper  oxide  if  the  heating 
has  been  carried  to  the  necessary  temperature.  After  the  acid  had 
been  used  for  washing,  an}^  portion  of  either  metal  present  was 
removed  from  it  by  precipitation  with  milk  of  lime.  This  precipitate 
served  to  neutralise  acid  solutions  which  were  about  to  be  treated 
Avith  calcium  carbonate. 

The  oxides  were  reduced  to  metal  in  the  usual  wa}-.  The  reduc- 
tion of  the  nickel  monoxide  required  3  hours  in  time  and  a  strong 
white  heat,  while  that  of  the  copper  oxide  containing  a  little  nickel 
was  accomplished  at  a  lower  heat  in  an  hour  and  a  half 

Metallic  nickel  was  sent  into  the  market  in  cubes ;  the  cubes  of 
the  copper  alloys  were  melted  on  refining  hearths,  taken  off  in  discs, 
and  sold  in  that  form  to  the  Argentan  Works.  At  a  later  period  the 
copper  mixed  with  nickel  oxide  was  reduced  on  a  refining  hearth 
with  two  tuyeres,  and  a  copper-nickel  alloy  with  73  per  cent,  of 
nickel  obtained. 

The  metallic  nickel  obtained  in  this  way  had  the  following 
composition : — 

I.  II. 

Ni 96-29         96-17 

Cu 0-41  217 

Fe 0-98  0-45 


Fe. 

C>i. 

0-99 

98-82 

0-80 

99-06 
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The  coarse  copper  obtained  from  the  residues  containing  copper 
(from  the  solution  of  the  precipitates  in  hydrochloric  acid)  had  the 
following  composition : — 

Ni. 
The  miaaie  disc  of  the  lieartli  ....  0-99 
The  lower  di.sc  of  tlie  lieartli 0-44 

Genth  made  the  observation  that  the  small  black  crystals  that 
form  on  the  upper  discs  in  the  hearth  during  the  refining  consist  of 
nickel  monoxide. 

At  the  Victoria  Works  in  Silesia  ^  the  concentrated  nickel  matte 
was  dead  roasted,  then  part  of  the  copper  oxide  leached  out 
with  warm  dilute  sulphuric  acid,  and  then  the  residue,  washed,  dried, 
ground  fine  and  roasted,  was  reduced  to  a  copper-nickel  alloy  con- 
taining 80  per  cent,  of  nickel.  Any  nickel  in  the  sulphuric  acid 
solution  was  thrown  down  by  copper  oxide,  and  the  solution  was 
used  to  produce  blue  vitriol. 

At  Schneeberg,  in  Saxony,  hydrochloric  acid  was  used,  instead  of 
sulphuric,  to  dissolve  copper  oxide  and  sulphate  out  of  the  roasted 
matte.  The  method  of  working  up  the  residue  was  the  same  as  at 
the  Victoria  Works. 

At  the  Christofle  Works  at  St.  Denis,-  the  matte  obtained  by 
smelting  garnierite  with  gypsum  was  ground,  roasted  repeatedly 
in  long-bedded  calciners  about  33  ft.  long,  and  then  treated  with 
hydrochloric  acid  in  stoneware  vessels  holding  about  19  gallons, 
standing  in  water.  The  action  was  increased  by  heating  this  water 
by  steam.  The  solution  was  poured  into  wooden  vessels.  In  these 
iron  was  first  oxidised,  then  precipitated  by  calcium  carbonate.  Air 
was  blown  through  to  help  the  action,  and  served  also  to  agitate 
the  whole  mass.  It  was  poured  into  wooden  vessels  in  which  the 
precipitate  settled,  and  then  the  clear  liquid  was  drawn  off  into 
other  vessels  in  which  nickel  was  precipitated  by  milk  of  lime. 
The  hydrate  was  dried,  washed,  dried  again,  and  then  reduced  to 
metal. 

2.    EXTRACTION    OF    NICKEL   FROM    SPEISS 

The  speiss  is  roasted  dead,  and  then  treated  in  the  same  way  as 
dead  roasted  matte.  In  this  roasting  carbonaceous  matter  is  mixed 
with  the  material  to  ensure  the  removal  of  arsenic. 

1  Berg,  unci  Hiltt.  ZUj.,  1877,  p.  300;  1878,  p.  245. 
-  Knab,  Metallurgie,  p.  560. 
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At  the  George  Works  at  Dobschau,  in  Hungary,^  speiss  of  the 
composition : — 

Ni 37  per  cent. 

Co 13       „ 

Cu 2 

Fe  .....  9 

As 38       „ 

S       1 

was  stamped,  and  then  roasted  in  wood  fired  reverberatory  furnaces  in 
quantities  of  6  cwt.  The  time  of  roasting  was  12  to  14  hours.  At 
the  end  of  this  time  65  to  90  lbs.  of  sawdust  or  coal  dust  were  added 
to  the  roasted  product,  which  reduced  the  arsenic  acid  formed  to 
arsenious  acid  and  arsenic.  The  latter  bums  again  to  trioxide.  The 
roasted  product  was  then  treated  with  sulphuric  acid.  From  the 
liquid  thus  obtained,  iron  and  part  of  the  copper  were  precipitated 
by  boiling  with  calcium  carbonate.  Cobalt  sesquioxide  was  then 
thrown  down  by  chloride  of  lime,  and  nickel  hydrate  by  milk  of  lime. 
These  oxides  are  dried,  washed  with  acidified  water,  ground,  and  sold 
to  the  smelting  works  in  Saxony. 

At  Saint  Benoit,  near  Liege,^  sj)eiss  containing  45  per  cent,  of 
nickel  was  treated  with  concentrated  hydrochloric  acid  at  80°C. 
Iron  was  precipitated  from  the  solution  in  the  usual  way,  and  then 
copper  by  calcium  sulphide.  Next  cobalt  was  precipitated  by  chloride 
of  lime,  and  lastly  nickel  by  milk  of  lime. 

Dixon,^  whose  process  has  not  yet  come  into  general  use,  smelts 
garnierite  with  the  addition  of  arsenical  materials  into  a  speiss,  which 
is  then  dead  roasted,  and  treated  with  hydrochloric  acid.  Into  this 
solution  chlorine  is  led  to  oxidise  the  iron,  and  the  latter  precipitated 
by  the  careful  addition  of  nickel  monoxide.  Then  cobalt  is  obtained 
as  sesquioxide  by  leading  more  chlorine  through  the  liquid,  and 
adding  more  nickel  monoxide.  The  solution  containing  the  nickel 
combined  with  chlorine  is  evaporated.  The  solid  mass  obtained  is 
converted  into  nickel  monoxide  by  strongly  heating  in  a  current  of 
steam,  or  into  metallic  nickel  by  heating  in  a  current  of  hydrogen. 
A  little  nickel  precipitates  with  the  cobalt  sesquioxide,  and  is  to  be 
removed  by  leaching  it  with  dilute  hydrochloric  acid. 

At  the  works  in  Birmingham,  England,'*  the  completely  roasted 
speiss  is  treated  with  hydrochloric  acid.     Iron  is  first  oxidised,  then 

1  Bf^rfj.  nnclHutt.  ZUj.,  1878,  p.  229.  -  hoc.  fit. 

3  Btrij.  nnd  Hutt.  Ztg.,  1879,  p.  .S95. 

^  Phillips,  Elemtnts  of  Metallurgy,  p.  415. 
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precipitated  as  arseniate  by  neutralising  the  solution  and  warming 
it ;  the  methods  of  this  oxidation  and  this  neutralisation  are  not 
mentioned.  Copper  is  then  thrown  down  by  sulphuretted  hydrogen. 
Finally  the  usual  precipitants  are  used  for  cobalt  and  nickel. 

3.    EXTRACTION    OF    NICKEL   FROM   SLAGS 

In  the  dry  method,  slags  containing  nickel  are  added  to  the  charge 
in  the  smelting  of  ores  and  mattes. 

If  such  slags  are  obtained  as  by-products  in  the  smelting  of 
copper  they  can  be  directly  treated  in  the  wet  way,  or  can  also  be 
smelted  into  a  copper-nickel  alloy,  which  can  be  subjected  to  wet 
treatment.  The  treatment  of  the  slags  can  be  carried  on  in  the  same 
way  as  has  been  described  for  silicate  of  nickel  and  magnesium. 

In  Mansfeld  ^  the  slags  containing  nickel  from  the  refining  of 
copper  were  smelted  in  a  blast  furnace  into  black  copper.  This 
w^as  granulated,  refined,  and  then  treated  with  dilute  sulphuric  acid 
in  the  presence  of  air.  The  solution  was  fractionally  crystallised; 
copper  sulphate  separated  first,  and  after  it  had  been  removed  the 
liquor  was  evaporated  to  a  certain  point,  when  a  mixture  oi  the 
sulphates  of  iron  and  copper  crystallised  out.  Further  concentration 
and  crystallisation  yielded  a  mixture  of  copper  and  nickel  sulphates. 
(According  to  von  Hauer,  if  there  is  excess  of  copper  sulphate  in  the 
solution,  this  salt  will  first  crystallise  out  pure,  and  afterwards  a  copper- 
nickel-cobalt  sulphate  of  the  formula  CuSO^-|-(CoNi)S04-|-21H20. 
If  there  is  excess  of  either  nickel  or  cobalt  sulphate  or  of  both,  this 
compound  will  crystallise  out  first,  and  the  excess  of  these  two 
sulphates  will  remain  in  the  mother  liquor.) 

The  copper-nickel  sulphate,  if  free  from  iron,  was  heated  in  a 
roasting  furnace  to  remove  sulphuric  acid.  The  residue,  consisting 
of  oxides,  was  leached  with  water  and  dried,  and  then  reduced  in 
a  Sefstrom  furnace  to  an  alloy  with  40 — 68  per  cent,  of  Cu, 
30—59  per  cent,  of  Ni,  I'l  to  I'S  per  cent,  of  Co,  0-5  to  1-3  per 
cent,  of  Fe,  and  0'07  to  0-34  per  cent,  of  S.  This  was  melted  on  a 
refining  hearth  of  graphite,  with  two  tuyeres,  and  taken  off  in  discs. 

Herter'  has  proposed  to  heat  a  complex  sulphate,  such  as  the 
above,  but  containing  iron,  in  a  reverberatory  furnace,  and  to  treat  the 
mixture  of  oxides  so  obtained  with  dilute  sulphuric  acid,  which  will 
dissolve  nickel  and  copj)er,  but  not  iron.     From  the  solution  copj)e 

1  Btrij.  mid  Hiitt.  Zt(j.,  1859,  p.   371  ;  1S6U,  p.   501  ;  1861,  p.   67;  1862,  p.  160; 
1846,  p.  58  ;  1865,  pp.  146,  386. 

2  Btnjyd'it,  1865,  No.  20. 
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and  nickel  are  to  be  precipitated  by  soda,  the  resulting  basic  car- 
bonates heated  to  form  oxides,  and  the  latter  reduced. 


IIL  Extraction  of  Nickel  by  Electrolysis 

Very  few  communications  on  this  point  have  been  made  public. 
Extraction  of  nickel  from  ores  by  electrolysis  seems  up  till  now  to 
have  been  performed  only  experimentally,  but  the  method  has  been 
used  for  metallurgical  products,  particularly  upon  alloys  of  copper 
and  nickel. 

If  ores  are  to  be  worked,  they  must  be  dissolved  outside  the 
electric  circuit,  as  they  are  such  bad  conductors. 

High  potentials  are  necessary  to  deposit  nickel  from  solution,  and 

these  will  cause  most  other  metals  to  be  precipitated.    It  is  therefore 

very  difficult  to  obtain  a  thick  deposit  of  nickel.  Whilst  thin  deposits 

of  nickel  are  unexceptionable,  a  brittle  crumbling  metal  is  obtained 

as  the  thickness  of  the  deposit  is  increased.     The  strength  of  current 

for  thick  deposits  of  nickel  is  shown  by  the  results  of  experiment  to 

be  between  3'5  and  8*5  amperes  per  square  foot,  with  a  potential  of 

3  to  6  volts,  according  to  the  nature  of  the  liquid.     According  to 

Borchers,^  in  using  the  salts  of  cresol-sulphonic  acid  and  insoluble 

anodes,  5o  amperes  per  square  foot,  and  2  to  2 J  volts  are  necessary. 

The  metal  thrown  down  from  such  a  solution  is  0'012  to  0"016  in.  thick, 

brittle  and  unsighth'.     According  to  Brand,-  to  deposit  nickel  from 

a  solution  of  the  sulphate  saturated  with  ammonia,  with  a  carbon 

anode,  a  potential  of  2-4  volts,  and  a  current  of  2*8  amperes  per  square 

foot  is  necessary.     The  same  potential  is  necessary  if  an  iron  anode 

is  used  instead.     A  current  of  1  ampere  separates   16'83  grains  of 

nickel  in  an  hour.     To  separate  1  kg.  nickel  in  an  hour,  914-9  amperes 

would  be  necessary.     The  energy  necessary  for  this  is 

r.    w  ..^                 2195-8         2195-8       ^  ^„  ,  ^  ,  . 

24  X  914-9  Watts  =  .. ^^^  =  -^^^^   =  2-99  h.p.,  or  takmg  mto 

account  a  12  per  cent,  loss  of  energy  in  the  conversion  of  mechanical 
■yvork  into  electricity,  and  a  25  per  cent,  loss  in  the  current  (through 
waste  heat,  bad  connections,  &c.), 

2-99 
=  0^88  X  0-75  =  •*■*«  ''■P- 
At  the  rate  of  2  kg.  of  coal  for  1  h.p.  per  hour,  9  kg.  coal  will 
be  necessary  to  deposit  1  kg.  nickel  from  the  solution  described. 

*  Elekfrome(aUnr(/ie,  p.  103. 

--  Dammer,  Chem.  Tt''hnolo<jie,  vol.  ii.,  p.  ~~. 
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As  is  stated  on  page  209,  the  loss  of  energy  in  the  latest  engines 
is  considerably  less  than  the  above.  The  consumption  of  coal  for 
one  horse-power  can  be  reduced  in  the  newest  steam  engines  to 
between  1  and  15  kg. 

Refining  of  nickel  by  means  of  an  electric  current,  as  is  done 
with  coarse  copper  with  excellent  results,  is  not  easily  practicable 
because  the  strength  of  current  mentioned  as  necessary  to  deposit 
nickel,  deposits  also  the  other  metals  from  which  it  is  to  be  separated, 

If  nickel  is  to  be  separated  from  its  alloys  with  copper,  it  is  the 
copper  which  is  deposited  from  an  acidified  electrolyte  on  the  cathode, 
while  the  nickel  passes  into  solution,  because  copper  is  deposited  by 
a  weaker  current  than  nickel.  After  purifying  the  solution  from  other 
metals,  especially  iron,  which  may  be  precipitated  by  various  reagents, 
nickel  is  deposited  from  the  solution  by  the  use  of  insoluble  anodes. 

Solutions  from  which  nickel  is  to  be  deposited  must  be  alkaline. 
Dr.  Bcittger  ^  has  employed  the  double  sulphate  of  nickel  and  am- 
monium as  electrolyte,  and  investigated,  in  a  series  of  researches,  the 
conditions  under  which  nickel  will  be  deposited  as  a  lustrous  white 
metal.  By  the  use  of  such  electrolytes  metals  can  be  covered  with  a 
firmly  adherent  coat  of  nickel,  but  it  is  not  possible  to  obtain  it  in 
a  thicker  deposit. 

The  extraction  of  nickel  from  its  ores  was  practised  at  the  Editha 
Smalt  Works  in  Silesia.  Nickel  was  deposited  by  a  current  from 
an  ammoniacal  solution  containing  caustic  soda. 

Extraction  of  nickel  from  smelting  products  was  proposed  by 
Andre  in  1877.^  The  substances  containing  nickel, — matte,  speiss, 
or  alloys, — were  to  be  cast  into  anode  plates,  and  suspended  in 
dilute  sulphuric  acid.  For  the  cathodes  copper  or  carbon  plates  were 
suggested.  The  current  should  be  so  regulated  that  only  the  copper 
in  these  substances  separated  out  on  the  cathodes,  while  nickel  dis- 
solved in  the  electrolyte.  To  remove  the  last  portions  of  copper  from 
this,  a  carbon  anode  should  be  introduced  after  the  disappearance  of 
the  original  one.  Thus  the  last  of  the  copper  is  deposited  from  the 
acid  solution,  which  now  should  contain  only  nickel  sulphate  with 
some  iron  sulphate. 

To  remove  the  iron  the  solution  should  be  made  ammoniacal, 
and  evaporated  down  in  leaden  pans  in  a  current  of  air,  so  that  the 
iron  may  be  precipitated  as  ferric  hydrate.  The  liquid  filtered  from  this 
consists  of  nickel  sulphate  only,  and  may  be  worked  up  for  the  crys- 
tallised salt,  or  the  monoxide,  or  metallic  nickel.     The  last  may  be 

1  Journ.  fiir  Pract.  Chemie,  vol.  xxx. ,  p.  267. 
-  German  Patent,  No.  6048,  Nov.  1,  1877. 
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obtamed  by  precipitating  the  hydrate  or  carbonate,  and  reducing 
as  has  been  ah-eady  described,  under  wet  treatment,  or  the  electric 
current  may  again  be  used.  In  the  last  case  the  solution  is  made 
ammoniacal.  Carbon  or  nickel  plates,  or  copper  plates  covered  with 
gi-aphite  are  to  be  used  as  cathodes.  Iron  or  zinc  plates  are  re- 
commended as  anodes,  so  as  to  avoid  polarisation. 

It  should  be  noticed,  however,  that  iron  or  zinc  is  not  adapted  for 
the  anode.  The  iron  plates  are  quickly  covered  with  oxide,  and  are 
not  depolarisers  in  that  condition.  Zinc  continues  to  depolarise 
because  it  dissolves,  but  then  it  is  present  in  the  solution,  and  is 
deposited  on  the  cathode  with  nickel.  Under  these  conditions  it  will, 
without  doubt,  be  found  necessary  to  use  carbon  for  the  anodes. 
Borchers  recommends  as  depolariser  the  cresol  already  referred  to 
under  the  electrolysis  of  zinc  solutions.  The  author  is  not  aware 
which  means  of  depolarising  is  now  in  most  common  use  in  the 
^electrolysis  of  nickel  solutions. 

Stahl  ^  proposes  a  similar  method  for  extracting  nickel  from  coarse 
copper.  This  is  melted  in  a  reverberatory  furnace,  the  hearth  of 
which  is  of  basic  material,  and  oxidised  to  get  rid  of  iron  and  arsenic, 
until  nickel  begins  to  pass  into  the  slag.  Then  it  is  poled  and  cast 
into  anode  plates.  These  are  to  be  subjected  to  electrolysis  in  order  to 
separate  the  copper,  sulphuric  acid  being  the  electrolyte,  and  sheets 
of  copper  the  cathodes.  The  current  is  regulated  so  that  only  copper 
is  deposited  on  the  cathode  from  the  acid  solution,  whereas  nickel, 
iron  and  small  quantities  of  arsenic  pass  into  the  solution,  while 
silver,  lead,  antimonic  acid,  antimony  oxide,  arsenic  acid  and  copper 
sulphide  form  a  thick  mud,  which  falls  to  the  bottom  of  the  liquid. 
The  separation  of  the  last  portions  of  copper  from  the  solution  is 
performed  with  carbon  anodes  as  in  Andre's  process.  Fresh  anodes 
may  also  be  inserted  as  required  in  order  to  obtain  by  itself  the 
copper  which  is  rendered  impure  by  simultaneously  deposited 
arsenic. 

Chloride  of  lime  is  next  added  to  the  warm  solution  containing 
iron  and  nickel,  to  convert  iron  into  feme  sulphate  :  and  then  slight 
excess  of  soda  is  added  to  the  acid  solution,  and  this  is  heated  until 
the  whole  of  the  iron  is  thrown  down  as  basic  ferric  sulphate.  This 
precipitate  is  removed  by  filter  presses,  and  the  liquid  used  to  make 
nickel  sulphate,  monoxide  or  metal.  If  metal  is  to  be  deposited  by 
electrolysis,  the  solution  is  made  ammoniacal ;  dense  carbon  forms 
the  anode,  a  sheet  of  nickel  or  a  sheet  of  copper,  covered  with 
graphite,  the  cathode. 

1  Benj.  mid  Hiitt,  Ztu.,  1891,  p.  '270. 
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If  nickel  monoxide  is  to  be  produced  from  the  copper-nickel 
alloy,  the  copper  is  still  deposited  by  electrolysis  in  the  way  de- 
scribed, and  nickel  dissolved.  Then  the  monoxide  is  obtained  just 
as  in  the  wet  treatment. 

Hoepfner^  proposes  to  obtain  from  the  material  containing  nickel 
as  produced  by  the  above  wet  treatment,  a  pure  neutral  solution  of 
nickel ;  to  acidify  this  with  a  weak,  badly  conducting  oxy-acid  (such 
as  citric  or  phosphoric  acid),  and  then  to  electrolyse  with  an  insoluble 
anode.  The  anodes  dip  into  cells  filled  with  a  solution  of  the 
chloride  of  an  electropositive  metal.  Vertically  rotating  or  oscil- 
lating discs  of  metal  are  used  as  cathodes.  The  deposition  of 
spongy  material  is  prevented  by  movable  brushes  or  rubbers.  The 
electrolyte  is  kept  in  constant  motion  by  pumps. 

Instead  of  insoluble  anodes,  soluble  or  partially  soluble  ones  may 
be  used.  The  material  for  such  can  only  be  of  metals  which  are 
more  electropositive  than  nickel  (such  as  zinc),  and  will  not  be 
deposited  with  the  nickel.  (These  methods  are  proposed  also  for 
the  extraction  of  cobalt,  zinc,  lead,  tin  and  copper.) 

The  writer  is  not  yet  acquainted  with  any  case  of  actual  employ- 
ment of  the  process. 

A  process  has  been  suggested  by  the  firm  Basse  and  Solve  in 
Altena,^  which  consists  first  in  adding  certain  organic  bodies  to 
neutral  or  slightly  acid  solutions  containing  nickel,  cobalt,  iron  and 
zinc,  such  as  will  prevent  the  precipitation  of  their  oxides  by 
alkalies.  Such  are  acetic  acid,  citric  acid,  glycerine  and  dextrose. 
Then  the  solution  is  made  alkaline  by  soda  or  potash  lye,  and  sub- 
jected to  electrolysis  with  a  current  of  2'8  to  9.3  amperes  per  square 
foot.  Then  iron,  cobalt  and  zinc  are  deposited  on  the  cathode, 
while  nickel  either  remains  entirely  in  the  liquid  or  comes  down 
partly  as  hydrate,  according  to  the  strength  of  the  alkaline  solu- 
tion. The  precipitation  of  the  hydrate  occurs  if  the  current  is 
continued  for  long.  The  solution  then  contains  nickel  free  from  the 
other  metals,  and  ammonium  carbonate  is  added  to  it  in  such  a 
quantity  as  to  form  carbonate  of  all  the  free  alkali ;  then  it  is  sub- 
jected to  electrolysis.  Nickel  is  deposited  on  the  cathode  with  a 
bright  surface. 

Nothing  is  known  as  to  the  practical  introduction  of  this  process. 
There  is  a  process  at  the  works  at  Balbach,  near  Newark,  for  produc- 
ing nickel  salts  from  Canadian  smelting  products,  but  it  is  kept 
secret. 

1  English  Patent,  No.  13,336,  of  189.3. 
^  German  Patent,  No.  64,251. 
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IV.  Refining  of  Coarse  Nickel 

Although  formerly  coarse  nickel  contained  only  60  to  90  per 
cent,  of  pure  nickel,  at  the  jjresent  time  a  metal  can  be  obtained  from 
the  most  diverse  ores  with  98  to  99  per  cent,  of  pure  nickel,  and 
containing  only  very  small  quantities  of  impurities^ — cobalt,  copper, 
iron,  zinc,  sulphur,  arsenic,  silicon,  carbon,  magnesium 

The  composition  of  one  of  the  earlier  samples  of  coarse  nickel  is 
shown  by  the  following  analyses  : — 

Joachimsthal  Klefva  Schladming 

per  cent.  per  cent.  per  cent. 

Ni .    86-5— 71-4  83-0—90  86-7—88 

Cu trace— 18-9  1-3-  0-2  1-8—  1-9 

Fe 0-2—  1-3  0-2—  0-4  18—  1-9 

Co 0-9- 12-0  5-5— 11-2  H-8—  7*4 

As 0-0—  0-6  —  0-7—  0-8 

Na —  0-9—  0-2  — 

S trace—  0-1  0-7—  1-4  — 

SiOj 0-0—  3-5  0-7-  0-9  O'O—  1-0 

Residue 0-6—  1-6  —  Q-O— O'S 

Two  of  the  later  samples  of  coarse  nickel  are  composed  as- 
follows : — 

Iserlohn  Xew  Caledonia 

per  cent.  per  cent. 

Ni 99-6  0-98 

Cu 0-2  — 

Fe 0-2  — 

C      0-3  0-13 

.Si —  0-50 

Mn —  1-63 

The  separation  of  impurities  has  already  been  attempted  in  the 
production  of  coarse  nickel,  by  obtaining  a  nickel  monoxide  as  pure 
as  possible.  The  removal  of  impurities  at  a  later  stage  by  smelting 
the  coarse  nickel  with  oxidation  is  only  possible  when  the\-  are 
more  easily  acted  on  by  the  oxygen  of  the  air  than  nickel  is  (such  as 
silicon,  carbon  and  iron).  Thus  the  processes  of  Wharton  in 
Philadelphia,  and  of  von  Bischoff  in  Pfannenstiel,  aim  at  removing 
carbon  and  silicon  by  a  sort  of  puddling  process.  At  the  metal- 
ware  manufactory  of  Bemdorf  near  Vienna,  carbon  is  removed 
by  soaking  cubes  of  nickel,  reduced  at  a  moderate  heat,  in  a 
4  per  cent,  solution  of  alkaline  manganate  or  permanganate,^  and 
then  fusing  at  a  high  temperature.  A  metal  capable  of  being 
hammered  and  rolled  is  obtained.  Garnier^  removed  iron  from 
coarse  nickel  containing  large  quantities  of  it — such  as  is  obtained 
by  the  direct  smelting  of  garnierite — by  fusion  in  a  Siemens  furnace 
with  quartz  as  a  flux.    He  has  also  suggested  a  reverberatory  furnace 

1  German  Patent,  No.  28989. 

•^  Bery.  und  Hiitt.  ZUj.,  1878,  p.  245  ;  1879,  p.  137. 
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with  a  bed  of  powdered  limestone.^  In  this  method  carbon  dioxide 
is  set  free  and  serves  as  an  agitator,  and  sulphur  is  said  to  be  re- 
moved from  the  nickel  by  the  excess  of  lime  and  coal.  Since  the 
working  of  the  New  Caledonian  ores  into  a  matte,  these  methods, 
which  seem  hardly  to  have  passed  the  experimental  stage,  have 
fallen  into  disuse. 

At  present  the  object  always  is  to  work  up  coarse  nickel  obtained 
by  the  processes  described,  into  a  compact  malleable  metallic  nickel. 
Pure  nickel  oxide  is  worked  so  as  to  give  the  same  product,  after 
reduction.  The  method  consists  in  fusing  the  metal  in  crucibles, 
and  removing  from  the  molten  mass,  by  selected  fluxes,  nickel  mon- 
oxide, carbon  monoxide,  and  nickel  cyanide. 

Nickel  monoxide  dissolves  in  molten  nickel  just  as  ferrous  and 
cuprous  oxides  in  their  corresponding  metals.  It  makes  the  nickel 
brittle. 

Carbon  monoxide  is  readily  absorbed  by  molten  nickel,  and  makes 
the  metal  spongy. 

Cyanide  of  nickel,  which,  according  to  Fleitmann,  may  be  formed 
in  the  molten  metal,  makes  it  brittle. 

Of  the  methods  described  below  for  the  removal  of  these  injurious 
impurities,  the  one  suggested  by  Fleitmann  of  adding  magnesium 
has  proved  the  most  effective. 

By  the  addition  of  magnesium  to  the  molten  metal,  nickel  monox- 
ide and  carbon  monoxide  are  reduced  to  nickel  and  carbon  respectively. 
Nickel  cyanide  is  decomposed,  nickel  being  set  free  and  volatile 
magnesium  cyanide  formed. 

To  refine  the  nickel  it  is  fused  in  crucibles  of  graphite,  lined  with 
burnt  fire-clay ;  these  hold  between  33  and  90  lbs.  of  nickel.  The 
same  sort  of  crucible  is  used  for  the  production  of  pure  nickel  from 
pure  nickel  oxide.  The  graphite  crucibles  used  in  the  Orford  Works 
are  18  inches  high  and  14  inches  wide  at  the  top,  and  hold  about 
80  lbs.  of  monoxide  with  16  per  cent,  of  coal  for  reduction. 

It  is  not  advisable  to  add  fluxes  in  fusing  nickel,  for  they  attack 
the  crucibles  strongly. 

At  the  Westphalian  Works  ^  the  crucibles,  when  filled  with  coarse 
nickel,  are  first  heated  in  a  wind  furnace  with  coke  fuel,  and  then 
placed  in  a  furnace  built  on  the  Sefstrom  principle,  urged  by  an 
air-blast.     Each  of  these  latter  furnaces  takes  only  one  crucible. 

After  the  nickel  is  melted,  which  is  said  to  take  about  an  hour 
and  a  half,  a  small  quantity  of  magnesium  is  added,  and  the  metal 

1  Stahl  nnd  Eisen,  1883,  p.  518.  =  Oesterr.  Zeitschrift,  1894,  p.  325. 
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poured.  The  magnesium  is  kept  immersed  by  the  help  of  a  bar 
of  pure  nickel  or  fire-clay. 

Fleitmann,  the  discoverer  of  the  purifying  action  of  magnesium, 
added  at  first  ^  per  cent,  of  magnesium  to  produce  ductile  castings,^ 
but  afterwards  he  diminished  this  quantity  by  using  magnesium 
alloys  instead  of  magnesium,  especially  the  alloy  with  nickel.  When 
zinc  is  present  in  the  metal  to  be  purified,  to  the  extent  of  4  or  5  per 
cent.,  the  least  addition  of  magnesium  is  necessary.  Such  nickel 
may  be  formed  by  the  reduction  of  the  oxides  of  zinc  and  nickel 
intimately  mixed.  With  this  o^  per  cent,  of  magnesium  is  enough  ; 
it  makes  the  metal  very  ductile,  and  also  gives  it  the  power  of 
being  welded  to  itself,  or  to  iron  and  steel.  In  consequence  of 
this  property  it  can  be  made  into  nickel  plated  sheets  0'004  inch 
thick. 

The  quantity  of  magnesium  can  be  still  further  reduced  if 
reducing  gases,  such  as  hydrocarbons,  hydrogen,  or  carbon  monoxide, 
are  first  blown  through  the  molten  metal. 

In  the  following  analyses  by  Knorre  and  Pufahl  may  be  seen  the 
composition  of  three  kinds  of  nickel  before  and  after  the  addition  of 
magnesium.  These  were  melted  at  the  works  of  Basse  and  Selve  in 
Altena,  in  graphite  crucibles  lined  with  fire-clay,  each  containing 
about  70  lbs.  About  1^  oz.  of  magnesium  was  added  to  each  pot ; 
the  nickel  obtained  could  be  forged. 

Composition  of  OriixInal  Samples. 

I.  II.  III. 

Nickel 97-87  97-90  98-21 

Cobalt 1-45  1-25                  1-19 

Iron 0-45  0.50                   0-25 

Copper 0-10  0-07                  0-07 

Silicon 0-19                     —                     — 

Silica —  019                  0-24 

Carbon trace  trace  trace 

Sulphur 0-05                    —  trace 

100-11  99-91  99-86 

Composition  after  Addition  of  Magnesium. 

I.  II.  III. 

Nickel 98-24  97-76  98-38 

Cobalt 1-09  1-33  1-04 

Iron u-36  O-60  0*32 

Copper      010  0-09  0-07 

Silicon 0-06  0-10  0-07 

Magnesium O'll  0-11  0-12 

99-96  99-90  100  00 

Instead  of  magnesium  there  are  other  substances  that  can  be 
1  German  Patents,  Nos.  6365,  7569,  9405,  13,304,  14,172,  23,500,  28,460,  28,924. 
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employed  to  remove  the  same  injurious  impurities  in  nickel,  but 
all  seem  to  have  been  entirely  surpassed  by  magnesium.  Amongst 
these  are  black  flux  and  coal,  aluminium,  calcium,  calcium-zinc, 
manganese,  phosphorus,  potassium  ferrocyanide,  and  ferrous  cyanide. 

At  the  Berndorf  Works,  black  flux  and  coal  were  used  at  one 
time.  The  vapour  of  potassium  seems  to  be  set  free  and  to  act  as  a 
reducing  agent. 

Aluminium  appears  to  be  less  active  than  magnesium.  Calcium 
and  calcium-zinc  should  act  energetically,  but  are  more  expensive 
than  magnesium. 

Manganese,  suggested  as  a  purifier  by  Garnier  in  1876,  seems  to 
have  been  thought  well  of  at  the  works  of  H.  Wiggin  and  Co.,  in 
Birmingham,  where  it  was  added  in  quantities  of  1|  to  3  parts  to 
100  of  the  metal  before  casting ;  an  addition  of  more  than  5  per  cent, 
is  said  to  make  nickel  hard.  Manganese  peroxide  can  also  be  mixed 
with  the  nickel  oxide  before  reducing.  At  the  Basse  and  Selve 
Works  about  2|  to  3  per  cent,  of  the  peroxide  is  said  to  be  added  to 
the  nickel  oxide  before  it  is  made  into  cubes.^  Thus  manganese 
peroxide  is  reduced  to  metal  in  the  subsequent  reduction.  The 
metal  combines  with  oxygen  and  will  be  separated  in  the  slag. 

Fleitmann  ^  uses  manganese  to  separate  sulphur  from  nickel 
Coarse  nickel  or  the  monoxide  is  melted  with  coal  in  a  cupola  furnace 
and  then  the  liquid  metal  run  into  a  Bessemer  converter.  To  this 
is  added  manganese  or  a  manganese  alloy,  by  which  the  sulphur  is 
carried  into  a  slag.  After  this  has  been  removed  from  the  surface  of 
the  molten  mass,  air  is  blown  through  to  oxidise  carbon,  man- 
ganese and  iron.  After  the  carbon  has  burned  out,  a  mixture  of  air 
and  oxygen,  or  oxygen  alone,  is  blown  in,  so  as  to  increase  the  tem- 
perature of  the  whole  and  ensure  the  complete  combustion  of  the  iron. 
Finally  the  excess  of  oxygen  now  present  in  the  liquid  metal  is 
said  to  be  removed  by  a  fresh  addition  of  manganese-nickel,  or  by 
powdered  charcoal,  or  by  gaseous  reducing  agents,  carbon  monoxide, 
a  hydrocarbon  or  hydrogen. 

Nickel  obtained  by  these  means  is  said  to  be  very  good  for  rolling 
and  hammering. 

Phosphorus  was  tried  as  early  as  1855  by  Ruolz  and  Fontenay. 
It  had  the  power  of  combining  with  more  oxygen,  weight  for 
weight,  than  any  of  the  other  agents.  It  has  also,  according  to 
Garnier,  the  property  of  increasing  the  hardness  of  nickel  at  the 
expense  of  its  malleability,  if  more  than  the  three-thousandth  part  is 

^  German  Patent,  No.  25,798. 

2  German  Patent,  No.  73,243,  20  July,  1892. 
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present.  Gamier,  therefore,  has  adopted  a  phosphor-nickel  with  about 
6  per  cent,  phosphorus.  He  prepares  this  alloy  by  fusing  a  mixture 
of  nickel,  coal,  calcium  phosphate,  and  silica. 

According  to  Manhes,^  sulphur  is  removed  from  coarse  nickel 
by  smelting  it  in  a  regenerative  reverberatory  furnace,  with  a 
mixture  of  lime  and  calcium  chloride  or  chloride  of  lime,  on  a 
hearth  Avith  a  basic  lining.  This  mixture  must  be  laid  in  a  fairly 
deep  layer  on  the  hearth,  and  on  top  of  it  the  metal  to  be  refined,  in 
granulated  form,  and  mixed  with  lime  and  the  chloride  of  calcium 
or  chloride  of  lime.  At  a  sufficiently  high  temperature  part  of  the 
sulphur  passes  off  as  dioxide  and  the  rest  goes  into  the  slag  as  basic 
sulphide. 

According  to  Wedding  the  addition  of  magnesium  is  necessary 
for  a  compact  forgeable  metal. 

Compact  metal  may  be  also  obtained  if  the  monoxide  is  mixed 
with  powdered  charcoal,  heated  to  the  reduction  point  in  graphite 
crucibles,  and  then  fused. 

Molten  nickel  is  poured  into  cast-iron  moulds.  If  it  is  to  be  used 
in  making  alloys,  it  is  granulated  by  pouring  it  into  water. 

1  German  Patent,  No.  77,427,  21  Jan.,  1894. 
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Physical  Properties 

Cobalt  possesses  a  reddish-grey  colour  and  considerable  lustre: 
it  is  ductile  at  a  red-heat,  but  at  ordinary  temperatures  it  is  hard 
and  brittle,  and  is  suitable  for  the  manufacture  of  cutting  tools,  on 
account  of  its  hardness.  It  has  a  granular  fracture.  Its  specific 
gravity  is  said  to  be  between  8'5  and  8*9 ;  that  of  the  metal 
reduced  by  hydrogen  is  8-957,  according  to  Rammelsberg.  It  is 
magnetic,  melts  between  1600°  and  2000^  C,  and  cannot  be  volatil- 
ised.    Regnault  gives  the  specific  heat  as  0'10696. 

The   Chemical   Properties  of   Cobalt   and   of   its   most 
Important  Compounds 

Massive  cobalt  does  not  change  in  either  damp  or  dry  air,  but  the 
metal  which  has  been  reduced  in  hydrogen  at  the  lowest  possible 
temperature,  or  that  which  has  been  prepared  at  a  low  temperature 
from  the  oxalate,  is  pyrophoric.  On  heating  cobalt  in  oxygen  it 
burns  with  a  red  light  forming  the  oxide :  at  a  red  heat  it  decom- 
poses water. 

It  dissolves  slowly  in  hydrochloric  and  sulphuric  acids  with 
liberation  of  hydrogen,  and  easily  in  hot  dilute  nitric  acid,  forming 
in  each  case  a  solution  of  the  corresponding  cobaltous  salt.  It 
absorbs  carbon  when  heated  with  it ;  combines  directly  with  sulphur , 
the  halogens,  phosphorus,  arsenic,  antimony  and  silicon ;  can  be  pre- 
cipitated by  the  electric  current  from  its  solutions,  and  in  other 
respects  resembles  nickel  very  closely  in  its  properties. 

Oxides 

It  forms  three  oxides : — Cobaltous  oxide  CoO,  cobaltoso-cobaltic 
oxide,  C03O4,  and  cobaltic  oxide,  CooO.,,  all  of  which  are  black,  and  can 
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be  reduced  to  metal  by  carbon  or  hydrogen  at  a  high  temperature. 
Cobaltic  oxide  combines  with  Avater  to  form  a  dark-brown  powder, 
the  hydrate  Co(OH)g,  which  when  heated  passes  successively  into 
C02O3,  CoaO^,  and  CoO.  The  principal  salts  of  cobalt  are  those 
derived  from  cobaltous  oxide. 

CoBALTOus  Sulphide,  CoS, 

is  obtained  as  a  blackish-brown  precipitate  when  aqueous  solutions 
of  cobaltous  salts  are  treated  with  an  alkaline  sulphide.  This  pre- 
cipitate is  insoluble  in  dilute  hydrochloric  acid. 

Cobaltous  Sulphate,  CoSO^-fTHgO, 

forms  a  soluble  double  salt  with  ammonium  sulphate  which,  like  the 
corresponding  nickel  salt,  serves  for  the  electrol}iiic  deposition  of 
the  metal. 

Potassium  nitrite  when  added  to  solutions  of  cobaltous  salts 
precipitates  'jjotassium-cohaltoxy-niirite,  KNOCo2(N02)6,  as  a  yellow 
crystalline  powder. 

The  so-called  cobaltamines  are  compounds  of  cobaltic  chloride 
with  varying  amounts  of  ammonia,  and  are  formed  by  the  oxidation 
of  ammoniacal  solutions  of  cobaltous  chloride.  Roseocobaltous  chloride, 
Co2Clo.lONH3-h2H20;  Purpureo-cobaltous  chloride,  CogClg.lONHg ; 
Luteocobaltous  chloride,  Co2Clg.l2NH3  are  some  of  these  bodies. 
When  heated,  they  are  all  converted  into  pure  metallic  cobalt,  and 
have  been  proposed  for  its  manufacture. 

Cobalt  Ores 

The  ores  of  cobalt  which  serve  for  the  production  of  the  oxide 
or  smalt  are  speiss-cobalt,  cohaltine,  cobalt-pyrites  and  earthy  cobalt. 
The  other  minerals  in  which  cobalt  occurs  possess  a  mineralogical 
rather  than  a  metallurgical  interest. 

S])eiss-cohalt,  smaltine,  or  tin  white  cobalt,  C0AS2,  which,  when 
pure,  contains  28*2  per  cent,  of  cobalt,  occurs  in  Saxony  at  Freiberg, 
Schneeberg  and  Annaberg ;  in  Prussia  at  Riechelsdorf ;  in  Bohemia 
at  Joachimsthal ;  in  Hungary  at  Dobschau  ;  at  Tunaberg  in  Sweden  ; 
at  Allemont  in  France ;  in  Cornwall,  and  in  the  State  of  Missouri, 
U.S.A. 

Cobcdtine,  bright  v;hite  cobalt  or  cobalt  glance,  CoAsS,  contains 
when  pure  35*5  per  cent,  of  cobalt,  but  usually  a  portion  of  the 
cobalt  is  replaced  by  nickel  and  iron.     It    is  found  at  the  following 
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places : — In  Sweden  at  Tunaberg,  Riddar-hyttan,  Gladhammar  and 
Vena  near  Annaberg ;  in  Norway  at  Skutterud ;  in  England  at 
Botallack,  Cornwall ;  in  Germany  at  Querbach  (Silesia),  and  Siegen 
(Westphalia);  in  Russia  at  Daschkesan  (Caucasus),  at  the  latter 
place  it  occurs  in  felsite  porphyry  and  is  free  from  nickel. 

Earthy  cohalt,  asholan  or  load,  is  a  mixture  of  varying  quantities 
of  cobaltous  oxide,  with  manganese  peroxide,  and  ferric  hydrate. 
The  proportion  of  cobalt  varies  from  2  to  20  per  cent.  It  occurs  in 
small  quantities  on  the  outcrop  of  cobalt  ore  deposits.  Extensive 
deposits  of  it  have  been  discovered  in  New  Caledonia,  and  contain 
from  3  to  5  per  cent,  of  cobalt.  It  also  occurs  at  Asturias  in  Spain, 
and  there  contains  15  per  cent,  of  the  metal. 

Other  cobalt  minerals  which  deserve  mention,  although,  on  ac- 
count of  their  comparative  rarity,  they  do  not  form  the  basis  for  a 
separate  process  of  extraction,  are : — Linnmite,  CogS^,  which  often  con- 
tains more  nickel  than  cobalt  and  is  then  known  by  the  name  cohalt 
nickel  pyrites ;  it  occurs  in  Sweden ;  at  Mtissen  near  Siegen ;  at  the 
Motte  mine  in  the  State  of  Missouri : — cobalt  hloom  or  erythrine, 
CogAsgOg  +  SHgO,  which  occurs  in  the  outcrop  of  cobalt  ore  deposits, 
usually  those  of  arsenical  ores  ;  it  is  found  at  Schneeberg,  Saalfeld, 
Riechelsdorf,  Siegen,  Cornwall  and  Cumberland  : — cohalt  vitriol  or 
hieherite,  CoSO^  +  THgO,  Avhich  occurs  at  Bieber  in  Hesse.  Cobalt 
ores  are  nearly  always  found  with  nickel  ores ;  the  metal  is  found 
with  nickel  and  iron  in  meteorites. 


Metallurgical  Products  Containing  Cobalt  which  are  used 
AS  sources  of  Smalt  and  Cobalt  Matte 

These  are  matte,  speiss  and  slag.  The  cobalt  which  exists  in  small 
quantities  in  a  great  variety  of  ores,  especially  in  those  of  nickel,  is 
collected  into  speiss  or  matte,  and  has  to  be  extracted  from  these  in 
the  metallic  form.  The  amount  of  cobalt  in  the  matte  or  speiss  is 
always  very  small.  Cobalt  is  also  found  in  slags  from  matte  con- 
taining cobalt  and  nickel,  when  these  are  treated  by  oxidation 
processes. 

The  Extraction  of  Cobalt  and  Cobalt  Compounds 

Metallic  cobalt  has  had  a  very  limited  technical  application  up 
to  the  present  time,  and  is  produced  only  in  small  quantities  and 
by  methods  exactly  similar  to  those  in  use  for  the  production  of 
nickel,  viz.,  by   the   reduction   of    cobaltous  oxide  CoO,  or  cobaltic 
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oxide,  C02O3.  Cobalt  ores,  however,  are  used  in  very  large  quantities 
for  the  production  of  snudt,  a  silicate  of  cobaltous  oxide  and  alkalies, 
which  possesses  an  intense  blue  colour,  and  is  used  as  a  pigment. 
(Silicate  of  cobalt  itself  is  an  exceedingly  strong  colouring  agent, 
surpassed  only  by  gold.  A  proportion  of  one-tenth  per  cent,  in  glass 
gives  it  a  deep  blue  colour.)  Other  cobalt  pigments  are  produced 
in  smaller  quantities ;  such  are  the  phosphate,  the  arseniate  (kno^vn 
as  red  oxide  of  cobalt),  cobalt  hrooize,  which  is  a  double  phosphate  of 
cobalt  and  ammonium,  cobalt  tdtramarine,  or  Thenard's  blue,  which 
is  an  intimate  molecular  mixture  of  alumina  with  different  oxides  of 
cobalt,  Rinmann's  green,  and  others. 

Up  to  the  present  time  metallic  cobalt  has  been  prepared  only  by 
wet  methods.  The  metal  is  precipitated  from  solution  as  the  sesqui- 
oxide  C0.2O3,  which  is  afterwards  reduced  by  charcoal.  The  production 
of  the  metal  entirely  by  dry  methods  has  not  yet  proved  practicable 
on  account  of  the  impurities  of  the  ores  or  metallurgical  products 
employed.  Xor  does  it  appear  that  any  one  has  yet  produced  it  in 
compact  form  by  electrolytic  means,  although  electrolytic  coatings  of 
the  metal  have  been  obtained  on  other  metals  and  alloys.  All  that 
has  been  said  before  about  the  electro-metallurgy  of  nickel  applies 
equally  to  cobalt. 

For  the  reasons  given  above  the  extraction  of  cobalt  is  more 
frequently  carried  on  in  chemical  works  than  in  smelting  houses, 
and  the  methods  employed  are  largely  kept  secret,  as  in  the  case  of 
nickel. 

A  dry  direct  process  for  the  treatment  of  rich  cobalt  ores  is  used 
for  the  production  of  smalt,  and  also  to  a  smaller  extent  for  the 
preparation  of  cobalt  'arseniate.  Other  cobalt  compounds  are  pre- 
pared in  chemical  works  from  cobaltic  oxide  or  from  salts  of  cobalt 
by  means  of  wet  methods. 

We  therefore  have  to  distinguish  : — 

(1)  The  extraction  of  cobalt  oxide,  Co^Og,  and  metallic  cobalt. 

(2)  The  production  of  smalt. 

1.  The  Extraction  of  Cobalt  Oxide  and  Metallic  Cobalt 

A.  the  extraction  of  cobalt  oxide 

Pure  cobalt  oxide  in  quantity  has  as  yet  been  prepared  only  by 
wet  methods,  either  from  ores  or  from  furnace  products.  The  oxide 
resulting  from  roasting  ore,  speiss  or  matte  which  contains  sulphur 
or  arsenic,  or  both,  is  always  too  impure,  and  requires  to  be  dissolved 
in  order  to  remove  impurities  and  to  obtain  a  pure  product.     It  has 
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been  proposed  ^  to  produce  from  sulphuretted  ores  a  matte  free  from 
iron,  and  containing  only  sulphur  and  nickel  besides  the  cobalt :  this 
matte  was  to  be  fused  under  a  blast  on  a  bed  of  quartz  and  sodium 
silicate  in  order  to  produce  a  silicate  of  cobalt,  and  this  latter  was  to 
be  fused  with  soda  and  nitre  in  order  to  liberate  the  cobalt  oxide. 
The  method,  however,  does  not  appear  to  have  come  into  use. 

The  common  methods  for  producing  cobalt  oxide  from  ores  which 
but  rarely  contain  any  ingredients  beside  nickel,  iron  and  (principally) 
copper,  in  addition  to  the  cobalt,  has  already  been  described  under 
nickel,  for  the  wet  methods  for  the  extraction  of  nickel  are  usually 
preceded  by  a  separation  of  cobalt  in  the  form  of  sesquioxide.  These 
will  accordingly  be  found  under  nickel. 

The  compounds  containing  sulphur,  arsenic,  sulpharsenides,  &c., 
are  first  dead  roasted  in  order  to  drive  off  sulphur  and  arsenic  and 
convert  the  heavy  metals  into  oxides.  The  same  object  may  be 
attained  by  the  more  costly  method  of  smelting  the  unroasted  ore 
with  soda  and  saltpetre,  or  with  sulphur  and  soda-ash,  or  potash  ;  in 
this  case  arseniates  and  sulpharseniates,  or  sulphates  of  the  alkali 
are  formed,  and  may  be  removed  by  lixiviation,  the  heavy  oxides 
being  left  behind. 

The  oxides  so  obtained,  or  the  ores  where  these  already  contain 
the  metals  as  oxide,  are  treated  with  hydrochloric  or  sulphuric  acids, 
which  dissolve  the  cobalt,  nickel,  iron,  copper,  and  other  soluble 
oxides.  Lead,  copper  and  bismuth  are  precij)itated  from  the  solution 
thus  obtained  by  sulphuretted  hydrogen  or  an  alkaline  sulphide,  and 
the  solution,  when  separated  from  the  precipitated  sulphides,  is 
treated  with  the  exact  quantity  of  chloride  of  lime  necessary  to 
convert  the  ferrous  into  ferric  oxide,  which  latter  is  then  thrown 
down  by  the  addition  of  powdered  chalk. 

(The  bismuth  could  be  thrown  down  from  the  hydrochloric  acid 
solution  by  the  addition  of  water,  in  the  form  of  basic  chloride, 
instead  of  being  precipitated  with  the  lead,  copper,  &c.,  by  means  of 
sulphuretted  hydrogen.) 

The  cobalt  is  precipitated  from  the  liquid,  after  the  iron  has 
been  removed,  by  the  cautious  addition  of  chloride  of  lime  to  the 
warmed  solution.  It  is  thrown  down  as  sesquioxide,  and  unless  care 
is  taken  to  avoid  excess  some  nickel  comes  down  with  it.  The 
solution  which  remains  after  the  cobalt  has  been  separated  yields 
nickel  when  treated  as  before  described.  Cobalt  may  also  be  pre- 
cipitated after  the  nickel.     In  this  case  soda  is  added  to  the  boiling 

^  Muspratt-Kerl,  Handh.  dtr  Techn.  Chem.,  3rd  ed.,  vol.  iii.,  p.  1938.     Graham- 
Otto,  Chemi'itry,  1889,  p.  915. 
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solution,  which  precipitates  nickel  monoxide  with  a  small  amount  of 
cobalt  monoxide,  while  cobalt  with  a  trifling  quantity  of  nickel 
remains  dissolved.  It  may  now  be  precipitated  as  sesquioxide  by 
adding  more  soda,  or  by  chloride  of  lime. 

Another  method  for  the  separation  of  cobalt  and  nickel  consists 
in  first  neutralising  the  concentrated  solution  with  potash  lye,  then 
making  it  faintly  acid  with  acetic  acid,  and  treating  it  with  potassium 
nitrite,  which  throws  down  cobalt  as  cobaltic-potassium  nitrite, 
nickel  remaining  in  solution.  When  the  precipitate  is  ignited  it  is 
converted  into  cobalt  sesquioxide.  If  lime  is  present,  potassium 
nitrite  is  of  no  use  for  separation,  for  Erdmann  finds  that  in  that  case 
a  salt  of  nickel  and  calcium  is  also  precipitated  (K2CaNi(N0.2)g). 
Other  alkaline  salts  have  also  been  proposed  for  the  purpose. 

Patera  formerly  employed  bisulphate  of  potash,  which  throws 
down  nickel  completely  as  a  difficultly  soluble  double  salt  containing 
a  small  quantity  of  the  cobalt  compound. 

According  to  Kunzel,  bisulphate  of  ammonia  is  more  suitable. 
The  latter  precipitates  the  nickel  double  salt  when  the  solution 
is  sufficiently  concentrated,  while  the  cobalt  compound  remains  in 
solution.  From  this  solution  cobalt  is  precipitated  as  sulphide  by 
ammonium  sulphide,  and  this  converted  into  sesquioxide  by  roasting. 

As  instances  of  the  recovery  of  the  sesquioxide  from  smelting  pro- 
ducts containing  nickel  and  cobalt,  we  may  take  the  process  at  the 
Scopello  Works,  already  described  under  nickel  (p.  581),  and  at 
the  George  Works  at  Dobschau  (p.  586) ;  and  also  the  method  at 
the  Editha  Smalt  Works  in  Silesia,  and  at  similar  works  at  Ober- 
schlema  in  Saxony. 

Lundborg  ^  describes  the  treatment  at  the  Editha  Smalt  Works 
of  ores  containing  earthy  cobalt,  with  concentrated  hydrochloric  acid 
in  clay  vessels,  steam  being  blown  through.  Iron  is  first  thrown 
down  from  the  solution  by  adding  separate  small  portions  of  marble 
and  keeping  at  a  certain  temperature.  As  soon  as  nickel  begins  to 
come  down,  the  separation  of  iron  is  kno\\Ti  to  be  complete. 

Soda  is  now  added  to  the  filtrate  to  precipitate  nickel.  When 
cobalt  begins  to  come  down,  the  liquid  is  filtered,  and  precipitation 
continued,  a  mixture  of  the  two  monoxides  now  falling  until  all  the 
nickel  has  separated.  Lastly,  pure  cobalt  monoxide  may  be  thrown 
down  from  the  final  filtrate.  The  precipitate  of  mixed  oxides  is 
accumulated  and  redissolved,  and  the  two  separated  similarly  by 
fractional  precipitation. 

The  matte  from  the  Sesia  Works  at  Oberschlema,  in  Saxony,  is 
^  Jem.  Cont.  Annalen,  1876,  pt.  "2.;  Berg,  mid  Hiitt.  Zty.,  1877,  p.  35. 


COBALT  603 

similarly  treated.  It  contains  16  per  cent.  Ni,  14  per  cent.  Co,  50  per 
cent.  Cii,  and  20  per  cent.  S.  The  powdered  matte  is  roasted  in  a 
reverberatory  furnace  and  treated  with  dilute  sulphuric  acid.  The 
copper  is  first  precipitated  by  iron,  after  which  the  remainder  of  the 
process  is  the  same  as  that  described  above.  Extraction  of  cobalt 
from  roasted  ores  and  smelting  products,  or  from  oxidised  ores,  by 
means  of  mineral  acids,  may  be  carried  on  if  there  are  not  many 
other  substances  present  which  will  dissolve  in  the  acid ;  it  is 
especially  important  that  the  ores  do  not  contain  too  much  soluble 
gangue ;  otherwise,  with  a  rather  poor  material  originally,  the  suc- 
cessive filtrates  will  be  so  impure  and  contain  so  little  cobalt  that 
it  will  be  barely,  or  not  at  all,  worth  while  to  work  them  up  into 
the  sesquioxide.  For  the  working  of  such  mixtures  methods  have 
been  proposed  by  Herrenschmidt  and  Stahl,  which  will  now  be 
shortly  described. 

Herrenschmidt's  ^  method,  already  described  under  wet  methods 
for  nickel,  is  used  at  the  Maletra  Co.'s  works  at  Petit  Querilly,  near 
Rouen ;  it  has  for  its  object  the  working  up  of  oxidised  cobalt  ores, 
and  especially  one  from  New  Caledonia,  an  asbolan,  containing  nickel, 
manganese  and  iron,  mingled  with  clay.  The  average  composition  of 
this  ore  is  : — - 

MnO  18     per  cent. 

CoO 3 

NiO 1-25       „ 

SiO., 8 

Fe^Og -30 

Aljbg 5 

Cab 1 

MgO 1 

Loss  by  ignition 32*75        „ 

The  finely  powdered  ore  is  treated  with  ferrous  sulphate 
solution,  which  deposits  ferric  oxide  and  brings  cobalt,  nickel  and 
manganese  into  solution  as  sulphates.  To  facilitate  solution  the 
whole  is  agitated  by  a  cun-ent  of  steam,  (The  green  vitriol  solution 
is  made  in  the  works  by  acting  on  cuttings  of  iron  with  sodium 
bisulphate  solution  and  separating  ferrous  from  sodium  sulphate  by 
crystallisation.) 

The  solution  containing  the  three  sulphates  is  separated  from  the 
residue  by  a  filter  press,  and  treated  with  sodium  sulphide  in  preci- 

1  Genie  civil,  1891,  18,  373  ;  Monit.  Scieirtif.  vol.  vi..  May,  1892  ;  Berg,  nnd  Hiitt. 
Ztg.,  1892,  p.  -le-l;  1893,  p.  1.  ^  B^.,.g.  und  Hiitt.  ^Ztcj.,  1892,  p.  464. 
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pitation  vats,  whereby  the  whole  of  the  cobalt  and  nickel  and  a  small 
portion  of  the  manganese  are  precipitated. 

(The  sodium  sulphide  is  made  in  the  works  by  treating  the  black 
residues  of  the  Leblanc  soda  process  Avith  sodium  sulphate  and 
water  and  warming,  when  by  double  decomposition  calcium  sulphate 
separates  and  a  solution  of  sodium  sulphide  is  obtained.) 

The  precipitate  of  metallic  sulphides  is  separated  by  a  filter  press, 
and  treated  with  solution  of  ferric  chloride,  which  decomposes  and 
dissolves  manganese  sulphide  but  does  not  act  on  the  other  two. 
A  fairly  pure  residue  of  nickel  and  cobalt  sulphides  is  thus  obtained, 
and  a  liquid  containing  manganic  sulphate  and  manganous  chloride 
with  ferric  and  ferrous  sulphates  and  chlorides.  This  liquid  after 
being  separated  may  be  treated  with  excess  of  chalk,  and  air  bloAvni 
through,  which  gives  a  precipitate  of  calcium  manganite,  that  can 
be  worked  up  with  the  Weldon  mud  in  the  manufacture  of  chlorine. 

The  two  sulphides  thus  freed  from  manganese  are  dried  and 
subjected  to  a  careful  roasting  to  convert  them  into  sulphates. 
The  latter  are  washed  out  by  hot  water,  and  treated  with  calcium 
chloride  which  forms  their  soluble  chlorides,  precipitating  calcium 
sulphate.  The  filtered  liquid  has  to  be  freed  from  the  small  amount 
of  iron  in  it  by  copper  oxide,  and  this  copper  thrown  down  by 
nickel  monoxide.  Then  it  is  divided  into  two  j^arts.  From  one 
cobalt  and  nickel  are  thrown  down  by  lime  as  hydrates,  the  precipi- 
tate carefully  washed  and  suspended  in  water,  then  treated  with 
chlorine  gas  and  air,  Avhich  convert  both  hydrates  into  sesquioxides. 
The  nickel  sesquioxide.  so  formed  is  now  used  to  precipitate  cobalt 
from  the  other  half  of  the  solution.  For  this  purpose  the  precipi- 
tate of  sesquioxides  is  added  to  the  solution  of  the  two  chlorides 
and  stirred  about  with  the  assistance  of  a  current  of  steam.  Nickel 
.sesquioxide  is  reduced  to  monoxide  and  passes  into  solution,  and  the 
equivalent  in  cobalt  sesquioxide  is  precipitated,  with  the  original, 
which  is  not  dissolved  at  all. 

The  whole  cobalt  is  now  precipitated  as  sesquioxide,  the  whole 
nickel  dissolved  as  chloride.  The  latter  may  be  thrown  d(^wn  from 
the  liquid  as  monoxide  by  milk  of  lime. 

The  cobalt  sesquioxide  is  washed,  pressed,  dried,  and  ignited. 

When  the  nickel  is  precipitated  the  calcium  chloride  produced 
can  be  used  in  the  process  to  act  upon  the  sulphates  (formed  from 
sulphides  by  roasting). 

Nothing  is  known  yet  as  to  the  economic  results  of  this  method. 
It  seems  to  bo  most  suitable  to  a  Leblanc  soda  works,  where  chlorine 
is  made  by  the  Weldon  process. 
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Stahl's^  method  consists  in  a  chlorinating  of"  ores  poor  in  cobalt 
with  waste  products  and  pyrites  so  as  to  form  cobalt  chloride ;  then 
the  soluble  salts  are  washed  out  of  the  product,  cobalt  precipitated 
from  the  liquid  as  sulphide,  and  this  converted  into  oxide.  Stahl 
discovered  that  a  chlorinating  roasting  completely  acted  on  nickel 
and  cobalt,  giving  chlorides,  and  on  manganese  to  a  great  extent, 
while  iron  became  oxidised ;  (if  the  wash  water  is  slightly  acid  it 
is  impossible  to  prevent  a  little  iron  being  dissolved).  An}^  soluble 
alkaline  earths  in  the  ores  are  converted  into  sulphates  by  the 
roasting.  Calcium  and  magnesium  sulphate  pass  into  the  solu- 
tion with  the  chlorides  of  cobalt,  nickel,  copper  and  manganese,  and 
also  freshly  formed  alkaline  sulphates  and  undecomposed  alkaline 
chlorides.  (Calcium  sulphate  will  be  to  a  great  extent  thrown  down 
by  evaporating  the  wash  liquor  to  a  certain  density.) 

Stahl  treats  the  liquor  in  the  following  way.  First  copper 
sulphide  is  thrown  down  by  sulphuretted  hydrogen,  and  filtered  off. 
The  liquid  is  neutralised  by  soda,  and  sodium  sulphide  added  to 
precipitate  sulphides  of  cobalt,  nickel,  iron,  manganese  and  any 
copper  remaining.  Manganese  is  the  last  to  come  down,  and  so  may 
be  nearly  all  left  in  the  solution  by  carefully  regulating  the  amount 
of  the  precipitant. 

To  separate  cobalt  sulphide  from  the  others,  Stahl  "^  treats  them 
with  a  mixture  of  acetic  and  sulphurous  acids  until  the  reaction 
is  slightly  acid.  Sulphurous  acid  decomposes  any  sulphuretted 
hydrogen  produced  and  prevents  its  being  noxious.  The  residue  is 
separated  by  a  filter  press,  roasted  to  convert  the  sulphides  into 
oxides,  and  then  treated  with  hot  pure  soda  lye  to  decompose  any 
sulphates  remaining ;  finally  it  is  washed,  dried,  and  ignited. 

Stahl  tried  this  method  on  an  ore  of  this  composition  : — 

Co     .     .     .     r02  per  cent.  FegOg    .     .     5'56  per  cent. 


Ni     .     . 

.  Trace 

As     .     . 

.     2-46 

Cu^ 
Fe  (       . 

S.J 

.     0-53 

CaO"  ] 
MgOl  ' 

Insoluble 
residue 


0-81 

88-36 


The  ore  was  ground  down  to  about  0*06  inch  mesh,  and  placed  in 
a  long-bedded  calciner;  it  was  alternately  oxidised  and  reduced 
during  roasting  to  get   rid  of  arsenic.       Reducing  was  effected  by 

1  Bery.  und  HiUt.  Ztg.,  1893,  p.  2.;  German  patent.  No.  58,417. 
-  Additional  patent,  Xo.  66,265. 
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adding  sawdust.  The  result,  free  from  arsenic,  was  subjected  to 
chlorinating  roasting  in  a  special  furnace  (most  likely  a  muffle 
furnace).  For  this  purpose  it  was  mixed  with  15  per  cent,  of  its 
weight  of  abraumsalz  ^  (which  is  95  per  cent,  alkaline  chloride)  and 
10  per  cent,  of  its  weight  of  pyrites  free  from  zinc  and  nickel ;  then 
it  was  roasted  at  a  red  heat  until  the  cobalt  is  fully  chlorinated. 
Stahl  gives  the  following  reactions : — 

1.  8FeS2+2202  =  4Fe203  +  16S02. 

12NaCl  +  6SO,  +  30.,  +  6H,0  =  6Na,SO,  +  12HCl; 
2Co30,  +  i2HCl  =  6CoCl2  +  6H20  +  02. 

3.  C03O4  +  6NaCl  +  3S02  +  O2  =  3C0CI2  +  3Na2SO,. 

6S0,  + 302  =  6803; 
2Co,0,  + 1 2NaCl  +  6803  =  GCoCl.  +  6^X80^  +  O2 ; 

and  so  on. 

The  product  was  washed,  in  lixiviating  vats  fitted  with  straw 
filters,  four  times  with  slightly  acid  water  and  then  with  pure  water. 
This  acid  water  was  obtained  by  leading  the  gases  from  the  roasting 
into  condensation  towers,  where  the  acid  portion  was  absorbed  by 
water.  The  wash  liquor  contained  0*41  per  cent.  Co  and  Ni,  0'075  Cu, 
traces  of  iron  and  manganese,  and  small  quantities  of  sodium  chloride, 
calcium  and  magnesium  sulphates,  and  appreciable  quantities  of 
alkaline  sulphates.  The  residue  after  washing  contained  0*04  per 
cent.  Co  and  Ni.  Another  ore  containing  1 '08  Co  was  similarly  treated 
and  gave  a  liquor  containing  0'429  per  cent.  Co,  0"006  per  cent.  Fe, 
0'031  Mn,  0'004  Cu  ;  and  small  quantities  of  salts  just  as  above.  The 
residue  contained  0"07  per  cent.  Co. 

Another  ore  of  which  the  composition  was : — 

.     1'49  per  cent.  ALO,  )  o  eo  ^- 

.     0-02"^    „  T,0;\      ■     2  52  percent. 

.     4-09       „  Mn.,03  .     .     1-44 

CaO  \  ^.o.. 

.  Trace  MgO  j   "     " 

Alkali  .     .  Trace 

.     1*35        „  Insoluble  \>jA.qn 

.  1402        „  residue/ 

produced  a  liquor  with  0  643  per  cent.  Co  and  Ni,  0"057  per  cent.  Fe, 
0-296  Mn.  The  residue  contained  009  ])er  cent.  Co  and  Ni,  021  per 
cent.  As,  21-10  per  cent.  Fe203,  and  0-42  per  cent.  Mn203. 

1  .9^6  Vol.  I.,  p.  10. 
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Ores  with  2-81  per  cent.  Co,  0*04  per  cent.  Ni,  and  7-29  per  cent. 
As  were  treated  in  the  same  way,  and  left  residues  with  0"11  per 
cent.  Co  and  Ni,  and  0*27  per  cent.  As. 

By  treatment  of  these  liquors  in  the  way  described  Stahl  obtained 
an  oxidised  product  with  92  per  cent.  C02O3. 

Whether  this  method  was  ever  worked  is  not  known  to  the 
author.  It  seems  possible  that,  if  the  cost  of  reagents  is  low,  poor 
ores  containing  about  1  per  cent,  cobalt  can  be  worked  by  it  with 
profit. 

According  to  another  method  ^  the  dead  roasted  ore  is  re-roasted 
with  chlorides  of  iron,  whereby  cobalt  chloride  is  formed  with  ferric 
oxide  and  ferroso-ferric  oxide : — 

(C03O,  +  SFeCl.,  =  3C0CI2  +  FogO^ ; 
2C03O4 + 2Fe2Cl6  =  6C0CI2  +  Fe.203  +  O,). 

As  far  as  the  writer  knows,  no  experiments  have  been  yet  made 
on  a  large  scale  to  ascertain  whether  the  conversion  of  cobalt  into 
chloride  is  complete. 

Sack^  has  patented  a  process  for  separating  cobalt  from  man- 
ganese, iron  and  aluminium,  based  on  his  researches  on  lead  peroxide 
and  its  hydrate.  He  found  that  when  a  liquid  containing  0'308  per 
cent.  Co  and  0"4156  per  cent.  Mn  was  treated  with  lead  peroxide  at 
ordinary  temperatures,  the  resulting  liquid  contained  0".3638  per 
cent.  Co  and  0"00076  per  cent.  Mn.  The  two  metals  were  present 
as  sulphates.  Further  he  found  that  manganese  peroxide  would  pre- 
cipitate aluminium.     Iron,  he  showed,  was  thrown  down  as  basic  salt. 

The  liquid  (preferably  a  solution  of  sulphates)  is  first  freed  from 
any  copper  it  contains,  and  then  well  mixed  with  the  calculated 
quantity  of  peroxide  of  lead.  In  case  iron  is  present  in  great  quan- 
tity it  is  precipitated  beforehand  with  an  alkaline  (or  alkaline  earth) 
carbonate,  and  a  large  proportion  of  manganese,  if  present,  is  got 
rid  of  by  fractional  precipitation  with  a  soluble  alkaline  or  alkaline 
earthy  sulphide. 

The  precipitate  produced  by  lead  peroxide,  which  consists  of 
hydrated  peroxide  of  manganese,  alumina,  basic  ferric  sulphate  and 
lead  sulphate,  is  to  be  brought  into  solution  (all  but  the  lead)  by 
sulphuric  or  hydrochloric  acid,  and  the  residue  of  lead  sulphate 
worked  up  again  into  peroxide.  This  method  does  not  appear  to 
have  been  used  on  the  large  scale. 

1  Schoneis,  i?err/.  und'Hiitl.  Ztg.,  1890,  p.  45.3;  Chemiker  Ztg.,  1890,  p.  1475; 
Zeitschr.f.  Angen.  Chemie,  1890,  p.  337. 

■^  German  patent,  Kl.  40,  No.  72,579,  Aug.  5,  1892. 
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Lastly,  there  should  be  mentioned  a  proposal  by  Vortmann  ^  to 
obtain  cobaltic  oxide  or  hydrate  from  solutions  containing  cobalt  and 
nickel,  by  electrolysis.  If  a  current  is  passed  through  solutions  of 
these  metals  containing  no  alkaline  sulphates  or  other  neutral  salts 
of  the  alkalies,  cobaltous  and  nickelous  hydrates  or  basic  salts  of 
both  come  down  at  the  cathode.  If  the  current  is  reversed  the 
nickelous  hydrate  (or  corresponding  basic  salt)  dissolves,  but  not  that 
of  cobalt,  which  is  oxidised  to  cobaltic  hydrate  instead.  On  restoring 
the  current  to  its  original  direction  more  of  each  lower  hydrate  is 
produced,  and  on  again  reversing  the  current  the  nickel  is  dissolved. 
In  this  way,  finally,  all  the  cobalt  is  precipitated  as  hydrate  and  all 
the  nickel  remains  in  solution.  If  there  is  a  small  quantity  of  a 
chloride  present  in  the  liquid  (say  1  per  cent,  common  salt),  the 
cobaltous  hydrate  is  ver}'  quickly  oxidised  to  the  higher  compound 
by  the  small  amount  of  free  chlorine  or  hypochlorous  acid  set  free. 
In  this  case  the  constant  change  of  current  is  unnecessary. 

The  separation  of  cobalt  is  assisted  by  gentle  warming.  After  it 
is  completed,  the  current  is  stopped  and  the  liquid  heated  to  60°  or 
70^,  whereby  any  small  quantity  of  nickelic  hydrate  remaining  in  the 
cobalt  compovmd  is  dissolved  away.  The  solution  of  nickel  when 
filtered  contains  no  cobalt.  Nothing  is  known  yet  as  to  the  use  of 
this  proposal  on  the  large  scale. 

Clemens  Winkler-  has  given  an  account  of  his  method  of 
obtaining  pure  cobalt  and  pure  nickel  in  determining  their  atomic 
weights. 

B.  THE  EXTRACTION  OF  METALLIC  COBALT 

This  is  achieved  by  the  reduction  of  the  sesquioxide  with  carbon- 
aceous bodies  and  is  carried  on  exactly  in  the  same  way  as  the  reduc- 
tion of  nickel  from  its  monoxide.^ 

The  melted  cobalt,  free  from  carbon,  can  be  cast  into  plates, 
which  may  be  rolled  when  hot.  The  addition  of  a  trace  of  magnesium 
(O'l  per  cent.)  assists  the  production  of  a  compact  and  tenacious 
casting. 

A  patent  *  is  in  use  at  the  Berndorf  works  in  Lower  Austria  for 
the  production  of  cobalt  which  is  malleable  and  can  be  forged.  The 
oxide  is  used  in  the  form  of  powder ;  it  is  mixed  with  a  4  per  cent, 
solution  of  alkaline  permanganate,  dried  and  smelted  in  a  blast  furnace, 
which  gives  cobalt  containing  a  trace  of  manganese.    The  manganese 

1  German  patent,  No.  78,236,  May  10,  1894. 
-  Zeittichr.  fiir  Inortj.  Chemie,  vol.  \'iii.,  1895. 
^  See  p.  551. 
4  German  patent,  No.  '28,989. 
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compovind  renders  the  gaseous  carbon  compounds  innocuous  by 
oxidising  them.  (Carbon,  which  is  taken  up  by  cobalt  to  the  extent 
of  4  per  cent.,  makes  it  hard  and  brittle.) 

2.  THE    PllODUCTIOX    OF    SMALT 

Smalt  is  a  potash  glass  highly  silicated  and  coloured  blue  by 
cobalt  monoxide.  Various  qualities,  classified  according  to  shade  and 
fineness  of  grain,  are  found  in  commerce.  It  contains  usually  a 
certain  quantity  of  water-glass  and  also  minute  quantities  of  arsenic 
or  arsenious  acid.  According  to  Ludwig  ^  the  colour  may  be  injured 
in  purity  and  strength  by  the  presence  of  certain  metallic  oxides. 
According  to  his  researches  baryta  deepens  the  colour  somewhat,  but 
gives  it  an  indigo-blue  tinge.  Soda,  lime,  and  magnesia  diminish 
the  colour  in  a  marked  degree,  and  give  it  a  reddish  shade.  Alumina 
does  not  affect  the  purity  of  the  colour,  but  diminishes  its  intensity. 
Nickel  monoxide  gives  the  glass  a  red  colour  if  it  is  in  small  quan- 
tities ;  a  large  amount  gives  a  violet-brown  tint ;  ferrous  oxide  gives 
a  shade  varying  from  brown  to  green.  Manganic  oxide  gives  violet, 
cupric  oxide  green,  cuprous  oxide  red  shades.  Forric  oxide,  man- 
ganous  oxide,  lead  and  bismuth  oxides  are  harmless  if  not  in  too 
great  quantities.  The  quantity  of  cobalt  in  the  smalt  varies  with 
its  depth  of  colour  from  1'95  to' 18  per  cent. 

Smalt  is  manufactured  by  melting  together  in  proper  proportions 
cobaltic  oxide,  quartz  and  potash. 

The  oxide  is  generally  made  direct  from  the  ores  by  roasting, 
unless  it  is  made  by  a  wet  method.  If  the  ores  to  be  roasted  contain 
arsenical  or  sulph-arsenical  compounds  of  cobalt,  the  roasting 
furnaces  (reverberatory  or  mufile  furnaces)  must  be  provided  with 
condensers  to  arrest  the  arsenious  acid  set  free. 

The  roasting  should  be  carried  on  so  that  the  cobalt  in  the  ore 
is  converted  into  sesquioxide.  If  a  considerable  amount  of  iron  or 
nickel  is  present,  a  certain  amount  of  metallic  arsenide  is  purposely 
left  undecomposed  to  separate  those  metals  in  a  speiss  during  the 
smelting  process.  But  if  the  roasting  is  terminated  too  soon,  cobalt 
will  remain  combined  with  arsenic,  and  pass  into  the  speiss.  A 
small  quantity  thus  lost  need  not  be  regretted  as  it  ensures  the 
absence  of  nickel  in  the  smalt.  If  iron  is  in  the  ore  there  is  also 
advantage  in  keeping  back  a  little  arsenious  acid  in  the  roasted 
product,  as  during  the  smelting  this  will  convert  ferrous  oxide  into 
the  much  less  injurious  ferric  oxide. 

Silica  is  used  in  the  form  of  pure  ground   quartz.     To  obtain 
^  Erdinann's  Journ.  far  Pract.  Chem.,  vol.  li.,  p.  129. 
VOL.    II.  R    R 
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this  lumps  of  quartz  are  ignited,  dropped  into  water  so  as  to  render 
them  brittle,  and  then  stamped.  The  pulverised  quartz  is  finally 
washed  to  get  rid  of  any  foreign  matter. 

The  potash  must  be  pure  and  calcined,  and  must  be  free  from 
soda  and  alkaline  earths. 

The  ore,  the  quartz  and  the  potash  are  most  intimately  mixed 
in  accurate  proportions,  either  ascertained  by  experience  or  discovered 
by  preliminary  trials,  and  then  put  in  the  melting  crucible  of  the 
smalt  furnace.  If  there  is  not  arsenious  acid  enough  in  the  ore  to 
oxidise  the  ferrous  oxide,  the  requisite  amount  is  added  to  the 
charge. 

The  smelting  crucible  or  pot  is  made  of  fire-clay,  and  varies  in 
size  in  different  works. 

At  the  Saxony  smalt  works  a  pot  holds  about  1  cwt.  of  the 
mixture,  and  there  are  8  pots  in  a  furnace. 

The  arrangement  of  a  furnace  for  6  pots  is  shown  in  Figs.  339 
and  340. 

On  the  bottom  of  the  dome-shaped  heating  chamber  T,  the  pots 
t,  t,  are  placed  on  tiles  round  an  opening  z,  through  which  the  flame 
ascends  from  the  two  hearths  E,  E,  below.  The  smoke  and  gases, 
after  circulating  round  the  pots,  pass  away  through  the  openings  m,m, 
which  are  also  working  doors.  The  pots  are  put  in  and  taken  out 
through  the  openings  v,  which  are  bricked  up  during  heating.  ^V  is 
the  ashpit,  H  the  floor  level  of  the  works. 

During  the  fusion  cobalt  sesquioxide,  silica  and  the  potassium 
of  the  potash  unite  into  a  glass,  the  smalt,  while  nickel,  iron  and 
copper  unite  with  the  arsenic  into  a  speiss.  Bismuth,  if  present, 
separates  with  the  speiss.  If  copper  is  present  as  oxide,  it  yields  its 
oxj^gen  to  the  readily  oxidisable  metals,  and  is  also  found  in  the 
speiss. 

The  speiss  and  any  bismuth  present  are  found  at  the  bottom  of 
the  pot,  the  cobalt  glass  above.  While  fusing,  the  mass  is  stirred 
up  from  time  to  time.  Finally  the  molten  mass  is  allowed  to  stand 
quiet  for  a  while  for  the  two  layers  to  separate  completely.  Then 
the  glass  is  lifted  out  with  a  ladle,  and  poured  into  cold  water,  to  be 
ready  for  powdering. 

The  length  of  the  operation  varies  from  8  to  16  hours  according 
to  the  charge  and  the  quality  of  the  glass  to  be  obtained. 

( )n  account  of  the  purity  of  the  speiss  it  is  a  suitable  material  for 
the  recovery  of  nickel.  If  the  ore  contains  bismuth,  large  quantities 
of  this  metal  are  mixed  with  the  speiss.  It  is  obtained  by  liquation 
before  working  up  for  nickel. 
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After  being  thrown  into  water,  the  glass  is  stamped,  sieved 
jigged  to  free  it  from  any  intermixed  speiss,  and  then  ground  wet 
in  mills.  The  mud  is  sent  through  a  series  of  washing  vats 
in -which  the  glass  powder  is  deposited  according  to  the  size  of  its 
granules.      In  the  first    is   the   coarse   powder,  called    "  streublau.' 


Pig.  sao. 


Fio.   340. 


This  is  ground  again  with  glass  of  the  same  depth  of  colour.  After 
this  is  removed,  the  mud  is  run  into  a  second  wash  vessel,  in  which 
the  pigment  proper  is  deposited.  Next,  the  liquid  still  containing 
suspended  particles,  is  run  into  a  third  vessel,  where  it  stands  till 
clear.  At  the  bottom  of  this  the  finest  powder  is  found,  the  so-called 
"  eschel."     The  pigment  and  the  esehel  are  washed  several  times,  and 
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the  wash-water  collected  in  a  tank  in  which  the  so-called  "  tank- 
eschel "  is  deposited. 

The  pigment  is  now  put  into  hot  drying  chambers,  or  dried  in 
the  open  air  in  the  "  drying-houses." 

It  is  only  known  as  smalt  after  this  drying  process.  During  all 
this  treatment  it  has  lost  some  part  of  any  soluble  constituents,  but 
from  075  to  1"25  per  cent,  of  water-glass  remains.  It  has  a  dull 
appearance  if  the  percentage  approaches  the  higher  limit.  It  forms 
a  plastic  mass  when  mixed  with  water.  If  left  in  contact  with  water 
too  long  it  loses  its  fine  colour  and  becomes  grey-blue  or  dirty  green. 

Smalt  is  classified  by  the  size  of  the  grains,  as  well  as  by  its  con- 
tent of  cobalt.     Letters  are  used  to  distinguish  both  the  qualities : — 

Classification  by  size  Classification  l>y  content  of  Cobalt 

C  (colour,  pigment).  F  (fine). 

E  (eschel).  M  (medium). 

B  (Bohemian,  i.e.,  of  medium  coarseness  O  (ordinary). 

from  0-02  to  0-04  inch  diam). 
H  (high,  i.e.  largest  size). 
S  is  iised  to  distinguish  unsieved  pigment. 
G  is  used  to  distinguish  sieved  pigment. 

These  letters  are  combined  to  distinguish  quality :  the  following 

examples  of  their  use : — 

FC  =  Fine  colour.  FCB  =  Fine  Bohemian  colour.  ME  =  medium 
eschel.  OCB  =  ordinary  Bohemian  colour.  Smalts  which  contain 
more  cobalt  than  the  F  quality  are  distinguished  by  doubling  the 
letter  F,  and  qualities  poorer  in  cobalt  than  the  OC  quality  are  dis- 
tinguished by  the  use  of  indices,  e.g.  OC^  (i.e.  containing  half  the 
cobalt  in  the  OC  quality);  OC*  (i.e.  containing  a  quarter  of  that 
quantity). 

Ludwig  has  given  the  following  analysis  of  smalts ;  (1)  a  coarse 
colour  from  Modum,  (2)  a  German  coarse  eschel,  and  (3)  a  German 
coarse  pale  colour. 

I.  II.  lit. 

SiCj 70-80  (i(r20  72-12 

AloO.j 0--43  <»-64  1-80 

FeO' 0-24  \:m  1-40 

CaO —  —  1-92 

CoO 6-49  6-75  195 

KgO 21-41  16-31  20-04 

Ni      —  —  trace. 

AsoOj        trace  —  0-078 

COj —  0-25  0-46 

H„0 0-57  0-67  trace 

By  zaffrc  or  sajflor  is  understood  a  mixture  of  roasted  cobalt  ore 
and  powdered  quartz,  which  when  melted  with  potash  will  yield  blue 
glass.     This  is  also  an  article  of  commerce. 
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3.    THE    MANUFACTURE    OF   SPECIAL   COBALT   COMPOUNDS 

Amono-st  these  may  be  noticed  : — 

Cobalt  phosphate  and  arseniate,  which  are  known  in  commerce  as 
red  oxide  of  cobalt ;  cobalt  bronze,  a  cobalt-ammonium  phosphate  which 
produces  a  metallic  tinsel  ;  cobalt -ultramarine  or  ThenarcVs  blue, 
which  is  a  molecular  mixture  of  alumina  and  an  oxide  of  cobalt,  and 
zinc  green,  or  Rinmanns  green,  or  green  cinnabar,  a  compound  of  zinc 
and  cobaltous  oxide. 

Cobalt-ultramarine  is  made  by  treating  a  solution  containing 
8  parts  alumina  and  1  part  cobalt  monoxide  with  an  alkaline  car- 
bonate ;  or  by  igniting  a  mixture  of  alum  and  cobalt  sulphate  until 
the  whole  of  the  sulphuric  acid  has  been  got  rid  of.  It  may  also  be 
obtained  by  treating  solution  of  cobalt  nitrate  with  potassium  phos- 
phate, collecting  the  precipitate,  mixing  it  with  three  times  its 
volume  of  aluminium  hydrate  (freshly  precipitated  by  sodium  car- 
bonate from  alum  solution)  and  heating  and  drying  this  mixture. 

Binmanns  green  may  be  made  by  treating  a  solution  of  1  part 
cobaltous  chloride  and  5  parts  zinc  chloride  with  potassium  carbon- 
ate, washing,  drying  and  igniting  the  precipitate  obtained.  Another 
method  consists  in  igniting  a  mixture  of  blue  cobalt  chloride  with 
zinc  white  until  no  more  zinc  chloride  volatilises.  Another  is  to 
treat  a  solution  of  zinc  and  cobalt  sulphates  with  sodium  carbonate, 
wash  and  ignite  the  precipitate.  It  is  also  prepared  by  evaporating 
to  dryness  a  solution  of  zinc  and  cobalt  nitrates  and  igniting  the 
residue.  Or  lastly,  by  mixing  cobalt  nitrate  solution  with  zinc  oxide, 
evaporating  to  dryness,  and  igniting  the  residue. 

In  all  these  cases  the  colour  may  be  spoiled,  and  turned  grey  by 
allowing  the  temperature  to  rise  too  high  during  ignition. 
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Physical  Properties 

Platinum  has  an  almost  silver-white  lustre  and  a  hackly  fracture. 
It  is  ductile  and  malleable  in  a  very  high  degree.  Its  hardness  is 
equal  to  that  of  copper :  its  tenacity  lies  between  those  of  gold  and 
copper. 

Its  specific  gravity  is,  according  to  Deville  and  Debray,  from 
21-48  to  21 'SO  at  17 '6°  C.  ;  by  the  addition  of  a  certain  quantity  of 
iridium  it  rises  to  21 '8.  It  crystallises  in  the  regular  system.  It 
can  be  welded  at  a  white  heat,  and  melts  in  the  oxy-hydrogen  jet 
at  about  1775°  (Violle),  or  according  to  earlier  statements  at  about 
2000°.  If  combined  with  carbon  and  silicon  it  will  melt  at  a  lower 
temperature. 

The  question  of  the  volatility  of  platinum  at  higher  temperatures 
has  not  yet  been  decided  Avith  certainty.  It  is  well  known  that  when 
quite  pure  it  may  be  heated  far  above  its  melting  point  in  the 
oxy-hydrogen  blast,  without  any  loss  whatever  by  volatilisation. 
But  it  has  been  proved  to  be  volatile  when  combined  with  silicon 
or  carbon.  Further,  it  is  volatile  in  the  presence  of  chlorine  and 
osmium. 

If  quickly  cooled,  molten  platinum  is  said  to  spit  in  the  same 
way  as  silver.  According  to  Herseus  the  spitting  occurs  only  when 
oxygen  is  forced  into  the  molten  metal.  According  to  Aubel  the 
cause  of  the  spitting  is  that  the  surface  of  the  metal  is  contracted 
by  a  quick  cooling,  and  the  liquid  portions  underneath  are  forced 
out  and  burst  through  this  cover. 

At  a  high  temperature  platinum  is  permeable  by  hydrogen. 
Under  the  same  conditions  oxygen,  chlorine,  hydrochloric  acid,  carbon 
monoxide  and  dioxide,  and  steam  will  not  pass  through.  It  is  per- 
meable by  nitrogen  in  small  quantities,  but  only  in  the  presence  of 
hydrogen.  The  red-hot  metal  has  the  property  of  absorbing  con- 
siderable quantities  of  hydrogen,  and  of  retaining  it  on  being  cooled. 
The  hydrogen  is  removed  by  heating  the  metal  in  a  vacuum. 
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Finely  divided  platinum  (platinum  black,  spongy  platinum)  has 
t  he  property  of  condensing  gases,  especially  oxygen,  on  its  surface. 

Its  ductility  is  considerably  lessened  by  the  presence  of  small 
quantities  of  the  other  platinum  metals  (which  are  found  with  it  in 
nature),  such  as  iridium,  osmium,  ])alladium,  rhodium,  ruthenium. 
On  the  other  hand  iridium  makes  platinum  harder,  and  less  easily 
attacked  by  chemical  agents.  Silicon  even  in  very  small  quantity 
(one  three-thousandth  part)  makes  platinum  brittle  and  hard. 

Chemical  Reactions  of  Platinum  and  of  its  Compounds 
that  are  of  importance  in  its  extraction 

Platinum  is  unalterable  in  air  at  all  temperatures.  In  the  pure 
state  it  is  not  attacked  by  sulphuric,  nitric  or  hydrochloric  acid,  cold 
or  hot.  But  if  it  is  impure  or  alloyed  with  other  metals,  it  will  be 
more  or  less  acted  on  by  acids.  For  instance,  from  its  alloys  con- 
taining silver,  copper,  lead,  bismuth  and  zinc  it  dissolves  in  nitric 
acid,  forming  platinic  nitrate.  Platinum  is  slowly  dissolved  by  aqua 
regia  to  form  platinic  chloride,  and  much  more  quickly  under  increased 
pressure. 

Perfectly  dry  chlorine  does  affect  platinum  at  the  ordinary  tem- 
perature, but  acts  readily  at  a  higher  temperature.  Platinum  sponge 
is  converted  into  the  lower  chloride  at  about  250°C.  Damp  chlorine, 
like  aqua  regia,  acts  on  it  slowly  at  ordinary  temperatures,  rapidly 
at  higher  temperatures.  Ferric  chloride  seems  to  dissolve  platinum. 
There  are  two  chlorides,  platinous  chloride,  PtCl^  and  platinic  chloride, 
PtCl^.  Bromine  does  not  attack  it :  but  a  mixture  of  bromine  or 
hydrobromic  acid  with  nitric  acid  acts  readily. 

It  is  oxidised  by  fused  alkali,  in  the  presence  of  air,  and  also  by 
heating  with  alkaline  nitrates.     There  are  two  oxides,  PtO  and  PtOo- 

When  sulphur  is  heated  with  finely  divided  platinum  in  a  glass 
tube  in  a  vacuum,  the  two  substances  combine  readily  to  form  the 
monosulphide  PtS.  If  heated  to  redness  in  the  air  this  compound 
decomposes,  and  platinum  metal  remains.  Another  sulphide,  platinum 
disulphide,  PtS^,  is  obtained  by  melting  platinum  with  sulphur  and 
an  alkali,  or  by  melting  the  double  chloride  of  platinum  and  ammonium 
with  sulphur.     This  disulphide  dissolves  in  alkaline  sulphides. 

Silicon  combines  with  platinum  if  the  latter  is  heated  with  carbon 
and  silica,  or  if  heated  with  carbon  alone  in  a  clay  crucible.  By 
melting  platinum  with  silicon,  Winkler  obtained  the  compounds 
PtSig  and  Pt.^Si.  They  are  brittle  and  hard,  and  lose  their  silicon  at 
very  high  temperatures. 

Platinum  combines  with  phosphorus  at  a  red  heat. 
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Metallic  platinum  is  deposited  from  all  its  salts  when  they  are 
heated  to  redness.  If  a  solution  of  the  chloride  is  treated  with 
organic  substances  such  as  alcohol,  or  with  magnesium,  zinc  or  iron, 
platinum  separates  in  the  form  of  a  black  powder  known  as  platinum 
black. 

Potassium  and  annnunium  chlorides  give  with  a  solution  of 
jjlatinum  chloride  precipitates  of  the  respective  double  chlorides. 
When  these  arc  heated,  metallic  platinum  is  left  in  a  spongy  form. 
If  it  is  the  potassium -platinum  chloride  that  is  heated,  potassium 
chloride  is  left  behind  as  well  as  the  metal. 

Platinum  alloys  with  a  large  number  of  metals ;  for  instance, 
Avith  iridium,  osmium,  palladium,  rhodium,  ruthenium,  gold,  silver, 
copper,  iron,  lead. 

Compact  platinum  does  not  amalgamate  with  mercury  in  the  cold. 
When  heated  it  forms  a  slight  coating  of  amalgam  which  is  easily 
wiped  off.  However,  spongy  platinum  takes  up  mercur}^  when  the 
two  are  rubbed  together  and  gently  warmed  with  the  addition  of 
slightly  acidified  water. 

Since  the  platinum  found  in  nature  is  compact,  it  can  be  separated 
by  mercury  from  native  gold. 

If  platinum  is  melted  with  lead  a  brittle  alloy  is  obtained,  from 
which  lead  may  be  driven  off  by  cupellation.  If  the  alloy  is 
powdered  and  exposed  to  moist  air  containing  carbon  dioxide, 
the  excess  of  lead  will  be  oxidised  away  as  white  lead,  until  just 
enough  is  left  for  the  alloy  Pt  +  Pb,  which  remains.  This  is  easily 
decomposed  by  heating  with  mineral  acids.  Thus  it  is  possible  to 
collect  platinum  by  melting  it  in  lead,  and  then  removing  the  lead  by 
cupelling. 

Ores  of  Platinum 

Platinum  is  found  in  the  native  condition,  and  combined  with 
arsenic,  as  tiic  mineral  s^Mrrylit.  Only  native  platinum  is  used 
as  a  source  of  the  metal.  SjK'rrylit  occurs  in  the  copper  and  nickel 
ores  of  Sudbury,  in  Canada,  which  contain  veins  of  magnetic  pyrites  ; 
it  seems  to  have  the  fornmla  PtAs^,  and  has  only  mineralogical 
interest. 

Native  platinum  is  usually  alloyed  with  the  metals  known  as 
the  platinum  group,  namely,  iridium,  osmium,  rhodium,  palladium, 
ruthenium,  and  also  Avith  iron  and  some  copper.  As  much  as  278 
per  cent,  of  iridium  has  been  found  in  specimens  of  platinum,  and 
10  per  cent,  of  iron. 

Platinum  is  found  most  usually  in  beds  of  gravel  and  sand 
wliicli    have    been   formed   bv    the   wearing   away   of   the    original 
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deposits  containing  the  metal.  In  such  secondary  deposits  known 
as  "  alhivials  "  or  "  placers,"  it  is  found  like  gold  in  grains  and  flakes, 
more  rarely  in  nuggets.  The  chief  impurities  are  serpentine,  quartz, 
zircon,  spinel,  corundum,  titanic,  chrome,  and  magnetic  ii'on  ores, 
gold,  and  osmiridium.  The  largest  lump  of  platinum  found  up  till 
now  in  the  "  alluvials  "  of  the  Ural  Mountains  is  in  the  Dcmidoft' 
Museum  at  8t.  Peter.sburg,  and  weighs  21  "64  lbs. 

The  most  important  sources  of  native  platinum  are  in  Russia ; 
which  country  produces  far  more  of  this  metal  than  any  other. 
Platinum  is  found  there  both  on  the  eastern  and  western  slopes  of  the 
Urals,  and  also  in  the  Altai  Mountains.  The  richest  part  of  the 
Urals,  whence  the  greatest  share  of  the  Russian  output  comes,  is 
Nischni-Tagilsk  on  the  west  side.  On  the  eastern  side  platinum  is 
found  at  Bogolovsk,  Kuschvinsk,Nevjansk  and  Miask.  Other  localities 
ior  platinum  are  Spain,  Ireland  (co.  Wicklow),  South  America  (the 
provinces  Choco  and  Barbacoas  in  the  Republic  of  New  Granada, 
Minas  Geraes,  and  Matto  Grosse  in  Brazil),  North  America  (British 
Columbia,  California,  Oregon,  North  Carolina,  Canada,  Mexico,  San 
Domingo,  Hayti),  Borneo,  East  Indies,  Lapland,  Australia  (New  South 
Wales),  New  Zealand.  Platinum  to  the  extent  of  0"0004  per  cent, 
lias  been  found  in  the  sand  of  the  Rhine  by  Hopft'  and  Dobereiner. 

The  alluvial  soil  or  sand  containing  platinum  is  washed,  and  any 
gold  present  in  the  residue  removed  by  treatment  with  mercur}'. 
In  this  condition  it  is  sent  to  the  platinum  works  for  further  treat- 
ment. 

The  cuuiposition  of  the  platinum  thus  obtained,  the  so-called 
crude  jilatinum,  will  be  seen  in  the  folloAving  anah'ses: — 
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Besides  occurring  native,  or  in  alloys,  platinum  is  found  in  very 
small  quantities  in  fahl-ores,  zinc  blendes,  lead,  silver  and  uranium 
ores,  and  in  various  rocks.  For  instance  Rossler  has  found  00058 
per  cent,  of  platinum  in  the  Blicksilher  of  Commern  and  Mechernich. 

The  Extraction  of  Platinum 

The  extraction  on  the  large  scale  is  preceded  by  a  concentration 
of  the  ore  by  washing.  If  gold  is  present  it  is  concentrated  with  the 
platinum  by  the  same  process.  Gold  is  removed  from  the  residue  by 
mercury,  which  amalgamates  with  this  metal  and  does  not  affect 
platinum.  For  example,  at  Nischni-Tagilsk  the  washed  sand  is  first 
divided  into  two  portions,  one  rich,  the  other  poor  in  gold.  Each  of 
these  portions  is  placed  in  bowls  of  wood,  iron,  or  porcelain  (in  quan- 
tities of  11  to  30  lbs.),  and  rubbed  up  with  mercury  for  half  an  hour. 
After  this,  the  amalgam  formed  is  poured  out,  and  this  rubbing  with 
mercury  repeated  until  the  whole  of  the  gold  has  been  extracted. 

Then  the  further  treatment  may  be  conducted  either  in  the  dry 
or  the  wet  way.  The  dry  way  does  not  produce  pure  platinum,  but  its 
alloys  with  iridium  and  rhodium.  The  production  of  pure  platinum 
requires  the  use  of  a  Avet  method.  Electrolysis  is  used  to  separate 
metallic  platinum  from  its  alloys  with  gold. 
The  wet  method  is  principally  used. 

extraction  of  platinum  in  the  dry  way 

Two  methods  have  been  elaborated  by  Devillc  and  Debray.^ 
One  consists  in  melting  the  ore  in  a  vessel  made  of  lime,  and 
re-melting  the  button  thus  obtained  :  the  second  method  is  to  melt 
the  ore  Avith  galena  and  litharge  in  a  reverberatory  furnace  and 
scorify  the  lead-platinum  alloy  obtained  in  order  to  remove  the  lead. 
Lastly  the  platinum  is  fused  into  an  ingot  in  the  lime  furnace. 

The  melting  of  the  ore  in  this  lime  vessel,  known  as  the  Deville 
furnace,  is  achieved  with  the  help  of  an  oxy-coal-gas  flame. 

The  arrangement  of  this  method  of  melting  is  shown  in  Fig.  341. 

The  vessel  consists  of  two  halves  formed  out  of  a  hollow  cylindrical 
block  of  calcined  lime.  In  the  hollow  h  the  ore  is  placed,  through 
an  opening  in  the  upper  half,  not  visible  in  the  figure.  This  opening 
is  closed  by  a  lime  stopper  during  the  melting.  A  second  cunical 
opening  q  serves  to  admit  the  current  of  gas.  This  latter  is  led  to 
the  opening  through  a  platinum   tube  which  has  a  perforated  tip  at 

1  Dingier,  vol.  1,J3,  p.  38  ;  vol.  l.-)4,  pp.  13il,  I'JJ),  '-'ST,  .SS.3  ;  vol.  165,  pp.  198,  205. 
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its  lower  end.  This  tube  is  attached  at  its  upper  end  to  a  copper 
one  c.  Through  the  tube  A,  the  coal  gas,  and  through  the  tube  o,  the 
oxygen  are  introduced.  The  products  of"  combustion  escape  through 
the  opening  d  ;  the  same  opening  serves  for  pouring  the  molten 
mass.  There  is  a  proper  arrangement  of  taps  to  both  gas  pipes,  so 
as  to  make  the  fiame  oxidising  or  reducing. 

After  a  small  portion  of  the  ore,  previously  warmed  and  mixed 
with  some  chalk,  has  been  put  in  through  the  opening  mentioned,  it 
is  melted  in  an  oxidising  Hame.  Metals  other  than  the  noble 
ores  are  thus  oxidised  and  form,  with  the  chalk  and  any  gangue 
present,   a  slag,  which    is    absorbed    by   the    lining    of    the   vessel. 


Fig.  341. 


Any  volatile  compounds  or  powdery  substances  escape  with  the 
products  of  combustion. 

To  this  molten  mass  ore  is  now-  added  in  small  portions  until  the 
lower  part  of  the  cavity  is  filled  with  molten  metal.  It  is  then 
poured  out  and  remelted  in  another  Deville  furnace  with  an  oxidising 
flame,  so  that  again  part  of  the  commoner  metals  are  oxidised  and 
absorbed  by  the  lime.  The  continual  use  of  a  fresh  furnace  is 
rendered  necessary  by  the  decreasing  power  of  absorption  of  the 
hme  for  the  slag.  Finally,  there  is  obtained,  not  pure  platinum, 
but  an  alloy  with  iridium  and  rhodium,  from  which  pure  metal  can 
be  obtained  by  a  wet  method. 

The  second  method  by  Deville  and  Debray  separates  platinum 
from  the  ore  by  the  help  of  lead,  which  alloys  with  platinum  but 
not  with  osmiridium. 


620  METALLURGY 

For  this  purpose  about  1  cwt.  of  the  crude  platinum  is  melted 
in  a  reducing  flame,  with  the  same  quantity  of  galena,  in  a  .small  rever- 
beratory furnace,  on  a  hearth  composed  of  marl  or  calcium  phosphate, 
about  3  feet  3  inches  long,  6  inches  medium  depth,  and  20  inches 
broad.  The  galena  is  decomposed  by  the  iron  present  in  ,the  ore, 
a  lead  matte  is  formed  and  metallic  lead  set  free,  which  alloys 
Avith  platinum.  To  decompose  the  matte  about  2  cwt.  of  litharge 
are  added,  the  heat  increased  and  the  whole  covered  with  fusible 
glass.  The  lead  matte  is  reduced  to  lead  by  the  litharge,  and 
again  forms  the  platinum  alloy,  while  sulphur  dioxide  is  given 
off.  Osmiridium,  which  does  not  alloy  with  lead,  remains  at  the 
bottom  of  the  furnace.  After  the  slag  containing  lead  has  been 
skimmed  off,  the  alloy  is  removed  by  a  cast-iron  ladle.  The  lower 
part  of  the  bath  containing  the  osmiridium  is  added  in  the  working 
of  another  portion  of  ore,  so  as  to  enrich  it.  Finally,  this  lower 
portion  is  poured  out  on  to  a  gently  sloping  surface,  on  which  the 
platinum-lead  alloy  will  run  down  while  the  osmiridium  remains. 

The  former  is  removed  to  a  refining  furnace  provided  with  a 
blast.  In  proportion  as  the  lead  is  removed  the  temj)erature  must 
be  further  raised.  It  is  not,  however,  possible  to  remove  the  whole 
of  the  lead  while  the  material  remains  liquid,  as  it  solidifies  whilst 
lead  is  still  present. 

The  residue  is  melted  in  the  Deville  furnace  already  described ; 
in  this  the  lead  and  any  other  volatile  elements  are  volatilised 
away,  and  the  commoner  metals  are  oxidised,  and  passed  into  slag. 
Rhodium  and  iridium  remain  Avith  j)latinum.  The  platinum  is 
poured  into  moulds  lined  with  sheets  of  the  metal. 

To  melt  larger  quantities  of  platinum  (more  than  9  lbs.),  the 
vessel  shown  in  Figs.  342  and  343  is  used.  It  consists  of  a  cylinder 
of  sheet-iron  lined  with  lime,  and  Avith  the  cover  shown  in  Fig.  343. 
A  stream  of  oxy-coal-gas  is  led  through  the  hole  in  this  cover.  The 
vessel  can  be  tipjDed  to  pour  out  platinum.  In  this  Deville  and 
Debray  melted  about  25  lbs.  of  Russian  coins  with  the  use  of  4'2 
cubic  feet  of  oxygen. 

The  Siemens  ^  electric  furnace,  which  was  expected  to  be  of  great 
service  in  fusing  jDlatinum,  has  not  fulfilled  expectation,  because 
platinum  ahvays  absorbs  carbon  from  the  carbon  electrodes  of  the 
furnace,  and  thus  loses  most  of  the.  properties  that  are  of  value  in 
the  arts. 

Up  to  the  jDresent  time  the  dry  method  of  obtaining  platinum 
has  only  been  used  exceptionally. 

^  Allgemeine  Hiillcitl:iui(/c,  p.  '23G. 
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EXTRACTION   OF    PLATINU.Al    V.Y    WET   METHODS 

This  method  of  extraction  consists  essentially  in  bringing  platinum 
into  solution  with  aqua  regia,  precipitating  from  this  solution 
platinum-ammonium  chloride  by  means  of  ammonium  chloride  and 
annnonia,  and  then  decomposing  this  compound  and  separating 
platinum  at  a  red  heat. 

This  process,  invented  by  Wollaston,  was  formerly  carried  out  with 
slight  variations  at  the  laboratory  of  the  Department  of  Mines  at 
St.  Petersburg.  There  the  ore  was  treated  for  8  or  10  hours  in  open 
vessels,  on  a  hot  sand-bath,  with  10  or  15  times  its  weight  of  aqua 
regia  (composed  of  8  parts  hydrochloric  acid  at  25°  B.  and  1  part 


nitric  acid  40°  B.).  By  this  means  platinum,  a  portion  of  its  kindred 
metals,  and  baser  metals  were  brought  into  solution,  while  osmiridium 
chiefly,  with  rhodium  and  ruthenium,  and  small  quantities  of  iridium 
and  palladium,   remained  behind  with  the  sandy  residue. 

The  solution  which  contained  besides  platinum,  iridium,  rhodium, 
palladium,  copper,  iron,  and  small  quantities  of  osmium  and  ruthenium 
was  treated  with  solution  of  sal-ammoniac  in  glass  vessels  to  precipi- 
tate the  platinum  as  double  chloride.  In  this  process  it  w^as  necessary 
for  the  solution  to  contain  excess  of  acid  to  prevent  a  precipitate 
of  iridium  from  coming  down. 

The  precipitate  of  double  chloride  was  washed  and  dried  and 
strongly    heated    in  platinum  vessels,  whereby  it  is  converted  into 
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platinum  sponge.  This  sponge  is  triturated,  sieved,  pressed  together 
in  a  screw  press  with  steel  dies,  and  then  strongly  heated  for 
Ih  days  in  a  porcelain  furnace.  This  red-hot  platinum  was  hammered 
into  bars  or  rolled  into  sheets. 

The  first  part  of  the  wash-water  obtained  in  washing  the  platinum- 
ammonium  chloride  precipitate  was  evaporated  down  to  one-twelfth 
its  original  volume,  when  a  similar  iridium  salt  containing 
platinum  crystallised  out,  and,  on  heating,  yielded  a  platinum- 
iridium  alloy.  The  second  part  of  the  wash-water  was  evaporated 
completely  to  dryness,  heated  to  redness,  and  added  to  a  fresh 
portion  of  ore  when  the  latter  was  treated  with  aqua  regia. 

Since  the  platinum  obtained  in  this  process  was  not  free  from 
iridium,  DiJbereiner's^  method  to  obtain  platinum  without  iridium  was 
used.  The  platinoid  metals,  but  not  platinum  itself,  are  precipitated 
by  treating  the  aqua  regia  solution  diluted  to  35°  B.,  with  lime 
water  until  the  reaction  is  only  feebly  acid.  But  this  process  gave 
neither  a  precipitate  of  the  platinoid  metals  free  from  platinum,  nor 
platinum  free  from  them. 

Schneider,^  in  order  to  avoid  the  precipitation  of  iridium  with 
platinum,  treats  the  ore  with  aqua  regia  and  excess  of  hydro- 
chloric acid,  and  evaporates  the  solution  obtained  nearly  to  dryness. 
The  liquid  is  then  diluted  with  water,  treated  with  soda  until  it 
is  fairly  alkaline,  and  boiled  with  alcohol.  The  precipitate  obtained 
is  dissolved  in  hydrochloric  acid.  From  this  solution  platinum  can 
be  precipitated  by  ammonium  chloride  as  the  pure  double  chloride. 
By  this  method  iridium  and  rhodium  are  converted  into  sesqui- 
chlorides,  which  are  not  precipitated  by  sal-ammoniac.  It  is  not 
known  yet  how  far  this  process  has  come  into  use. 

Herseus  in  Hanau,^  in  order  to  make  the  ore  dissolve  more 
quickly,  places  it  in  glass  retorts  with  a  mixture  of  1  part  aqua  regia 
with  2  parts  water,  under  a  pressure  of  1 2  inches  of  water,  evaporates 
the  solution,  and  heats  the  residue  obtained  to  125'',  so  that  the 
sesqui-chlorides  of  iridium  and  palladium  are  formed.  Then  this 
residue  is  dissolved  in  hydrochloric  acid.  Next  the  pure  double 
chloride  is  precipitated  from  the  solution.  This  is  converted  into 
platinum  sponge  by  ignition,  and  the  sponge  melted  in  a  lime 
crucible.  The  liquid  filtered  from  the  platinum  double  chloi'ide  pre- 
cipitate is  evaporated  to  a  certain  density,  when  the  iridium  salt 
comes  down.  The  remaining  metals  are  precipitated  from  this 
solution  by  iron  turnings.     The  excess  of  iron  is  I'cmovcd  from  the 

J  Liebig's  Annahn,  vol.  14,  10,  251.  -  Dingl.  190,  118. 

•■'  Amll.   Jhrkht  iihcr  die    Wiener    Weltaussl.  i.  J.,  1873,  vol.   iii.  999.     Dingl. 
vol.  2-20,  p.  95. 
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precipitate  by  hydrochloric  acid,  and  the  latter  is  then  treated 
with  aqua  rogia  in  order  to  obtain  more  of  the  platinum  and  iridium 
precipitates. 

Palladium,  rhodium,  ruthenium,  osmium  and  iridium  may  be 
obtained  from  the  residues  after  the  ore  is  dissolved,  and  from  the 
mother  liquors  after  precipitation. 

G.  Matthey  ^  produces  pure  platinum  from  the  commercial  crude 
metal  by  melting  it  with  six  times  its  amount  of  lead,  granulating 
this  alloy,  and  treating  it  with  dilute  hydrochloric  acid,  which 
dissolves  iron,  lead,  palladium  and  rhodium,  while  platinum  remains 
behind  with  iridium,  and  small  quantities  of  lead,  rhodium  and  other 
platinoid  metals.  This  residue  is  boiled  with  aqua  regia,  when 
platinum  and  lead  dissolve  and  iridium  remains  behind.  The  lead  is 
precipitated  by  sulphuric  acid.  The  liquid  is  filtered  from  lead 
sulphate,  and  treated  with  excess  of  ammonium  chloride  and  common 
salt  to  precipitate  platinum  in  the  usual  way.  If  rhodium  is  present 
in  the  solution,  the  precipitate  is  rose-colour  instead  of  pure  yellow. 
It  is  ignited  with  bisulphate  of  potash,  which  forms  rhodium-potas- 
sium sulphate,  while  the  platinum  separates  as  metal.  The  double 
salt  is  dissolved  by  boiling  the  whole  with  water. 

To  hasten  the  separation  of  platinum  and  minimise  the  quantity 
of  aqua  regia,  it  has  been  proposed  by  Hess,^  and  by  Dullo,^  to 
melt  crude  platinum  with  four  or  five  times  its  weight  of  zinc,  and 
treat  the  alloy  with  sulphuric  acid  first. 

Wyott  *  has  brought  forward  a  process  for  extracting  the  platinoid 
metals  from  residues  and  mother-liquors.  Platinum,  jDalladium  and 
rhodium  are  dissolved  out  of  the  ores  by  aqua  regia.  The  first 
is  precipitated  by  ammonium  chloride.  The  liquid  is  filtered  off. 
neutralised  by  soda,  and  palladium  cjanide  (PdCy,)  precipitated 
from  it  by  mercuric  cyanide.  Rhodium  remains  in  the  solution. 
The  residue  after  treatment  with  aqua  regia  is  to  be  heated  in  a 
stream  of  air,  whereby  osmium  is  converted  into  tetroxide,  Avhich 
volatilises,  and  rhodium  oxide  is  deposited  in  the  hotter  parts  of  the 
exit  tube.  The  residue,  after  this  heating,  is  mixed  with  salt  and 
heated  in  a  stream  of  chlorine.  Sodium-iridium  chloride  is  formed, 
which  is  dissolved  by  boiling  water. 

When  gold  is  precipitated  from  an  aqua  regia  solution  by  iron 
chloride  (described  under  Gold  ^),  the  solution  which  remains  consists 
of  iron  chloride,  which,  together  with  finely  divided  gold,  in  many 
cases  contains  also  platinum,  palladium  and  chloride  of  silver  finely 

1  Chem.  Neivs,  1879,  xxxix.  No.  1,013,  p.  175.     B.  u.  H.  Ztg.,  1880,  p.  28. 

2  Erdm.  Journ.,  vol.  40,  p.  498.  3  Eyclm.  Journ.,  vol.  78,  p.  369. 
**  Engin.  and  Min.  Journ.,  44,  p.  273.  ^   See  vol.  i.,  pp.  862,  863. 
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divided,  while  iridium,  ruthenium,  rhodium,  selenium  and  various 
base  metals  are  in  the  solution.  From  these  materials  platinum  and 
the  platinoid  metals  are  extracted  at  the  gold  and  silver  works  at 
Frankfort-on-Main  by  the  following  process.' 

Sheet-iron  cuttings  are  first  placed  in  the  solution  in  order  to 
reduce  ferric  to  ferrous  chloride,  which  can  be  used  again  to  pre- 
cipitate   gold.      The   iron    throAvs    down    selenium    and   the   metals 
mentioned,  in  the  form  of  a  black  mud,  which  is  removed  from  time 
to  time  from  the  vessels  (large  stoneware  pots).     After  the  larger 
pieces  of  iron  have  been  sieved  out  of  the  mud,  it  is  digested  with 
iron  chloride  to  remove  iron  and  copper,  and  then  repeatedly  washed 
with  dilute  hydrochloric  acid.     It  is  next  dried  and  smelted  with 
soda  and    coal.      A  button    of  metal  is  obtained,  and    a  slag  con- 
taining selenium,  which  is  collected  and  worked  up  for  that  element. 
The  metallic  button  is  re-melted  and  granulated,  then  digested  in 
glass  retorts  with  aqua  regia  containing  excess  of  hydrochloric  acid, 
by  which  means  the  greater  part  of  any  copper  present  is  removed. 
It  is  necessary  for  this  purpose   to  use   a  limited  quantity  of  the 
acid  mixture,  as  otherwise  copper  and  all  the  noble  metals  will  be 
dissolved,  and  the  presence  of  copper  will  make  the  precipitation  of 
platinum  and  palladium  difficult.     The  noble  metals  that  pass  into 
solution  are  separated  again  by  the  metallic  copper  present  in  the 
granules   or  by  copper  wire  put  in  for  the  purpose.      Finall}',  the 
solution  contains  principalh^  cuprous  chloride,  kept  dissolved  by  the 
excess  of  hydrochloric  acid,  and  also  some  cupric  chloride.     After  the 
metallic  mud  has  been  nearly  freed  from  copjjer  by  this  operation, 
repeated  if  necessary,  it  is  boiled  with  aqua  regia,  and  all  the  metals 
brought  into  solution.     When  this  is  diluted  with  water,  antimony 
is  thrown  down  as  oxychloride.     The  diluted  solution  is  afterwards 
brought  back  to  its  former  concentration  by  evaporation,  and  the 
gold  is   thrown  down   by  an  electric  current.     (Gold   must  not  be 
thrown  down  by  ferrous  chloride,  which  would  bring  back  iron  into 
the  solution.)     Next,  platinum  is  precipitated  by  sal-ammoniac,  and 
the  precipitate,  after  ignition,  gives  the  metal  with  only  O'OOS  per 
cent,  impurity.     The  filtrate  from  this  last  precipitate  still  contains 
sal-ammoniac,  and  is  used  to  precipitate  platinum  from  another  solu- 
tion, whereby  the  quantity  of  iridium  and  palladium  dissolved  in  it 
is  increased.     Afterwards,  this  enriched  solution  is  evaporated  until 
the  iridium-ammonium  chloride  separates  out,  and,  lastly,  from  this 
mothei'  liquor  the  similar  palladium  double  salt  is  crystallised  out 
by  adding  ammonia  and  hydrochloric  acid. 

'  iJui'jl.  Journ.  •ii>4,  ]..  A\A. 
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Tlu'  usu;il  composition  of  )jl;it 

in  am 

metal  is 

given  by  the  folhjwing 

analyses  ^ : — 
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in. 

Pt    .                                  99-2!) 
Ir                                         0-32 
R(l   .                                    013 
P<1    ...                               — 
Ru    .    .    .   •                         <l-04 

99-9 

99-9 

0-01 

.    . 



^ 

Fe (i-(i(i 

0-0001 

Cu    .    .                               0-07 

— 

— 

As 

(»-()l 

.    ,          — 

The  origin  of  the  first  sample  is  unknown ;  the  second  is  from 
Johnson,  Matthey  and  Co.'s  works  in  London,  and  the  third  from 
the  works  of  Herseus  in  Hanan. 

EXTRACTION    OF     PLATINUM    BY    AN    ELECTRO-METALLURGICAL 

METHOD 

By  this  method  platinum  and  its  allied  metals  are  removed  from 
their  alloys  with  gold.  Further,  platinum  can  be  separated  from 
iridium  and  rhodium  by  a  weak  current  acting  on  an  acid  solution 
of  platinum  chloride  as  the  electrolyte.  As,  however,  platinum 
separates  easily  from  most  of  its  compounds  by  simple  heating, 
the  electrolytic  method  seems  unnecessary  in  this  case.  The  separa- 
tion of  gold  and  the  platinum  metals  is  carried  out  on  a  large 
scale  at  the  North  German  Refinery  at  Hamburg.  The  complete 
process  is  a  secret.  The  alloys  concerned  are  used  as  anodes  in 
the  form  of  sheets.  Gold  leaf  forms  the  cathodes,  and  a  neutral 
solution  of  gold  chloride  the  electrolyte.  Chemically  pure  gold  is 
deposited  on  the  cathode,  while,  as  the  anode  dissolves,  the  platinoid 
metals  are  unacted  on,  and  fall  as  a  black  mud  to  the  bottom  of 
the  cell.  Nothing  is  known  of  the  exact  composition  of  the  alloy, 
the  strength  of  the  current,  or  the  electric  potential. 

In  the  electrical  refining  of  copper  from  the  Sudbury  ores  (con- 
taining sperrylit),  the  anode  mud  produced  contains  platinum  ; 
nothing  has  been  made  known  as  t(j  the  further  treatment  of  this 
mud. 

I  Mineral  Industry,  1892,  \i.  384. 
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ALUMINIUM 

Phvsical  Properties 

Aluminium  has  a  tin-white  colour  and  high  histre.  If  a  minute 
quantit}^  of  silicon  has  been  allowed  to  remain  in  it,  the  colour  has  a 
bluish  tinge  :  a  larger  quantity  makes  it  gray.  Mechanical  treatment 
also  produces  a  bluish  tinge. 

The  fracture  of  cast  aluminium  shows  a  coarse  fibre  and  irregular 
gTain,  while  it  is  sinewy  or  fine-grained,  and  shows  a  high  silky  lustre 
after  being  hammered  and  rolled. 

According  to  Deville,  aluminium  crystallises  in  regular  octahedra 
if  slowly  cooled.  According  to  Rose  the  crystals  do  not  belong  to  the 
regular  system. 

The  specific  gravity  of  aluminium  is  considerably  less  than  that 
of  all  other  metals  used  generally  in  commerce.  At  22°  C.  it  is  2*64 
for  cast  metal,  2"7  for  drawn  metal. 

It  has  the  softness  of  silver,  but  clogs  like  lead  or  tin  when  filed, 
turned  or  planed.  It  is  also  tenacious  enough  to  be  beaten  into  the 
thinnest  sheets  and  wire  like  silver. 

It  is  malleable  both  when  cold  and  hot.  It  is  possible  to  hammer 
out  in  the  cold  a  stick  of  aluminium  of  80  units  section  into  one  of 
single  unit  section,  without  any  tearing  on  the  edge  ;  but  hammering 
and  extending  in  the  cold  diminish  the  malleability  of  the  metal  and 
increase  its  hardness.  To  keep  its  malleability  unaltered  it  must  be 
worked  when  hot.  It  is  subjected  to  cold  hannnering  and  rolling 
when  its  strength  and  hardness  are  to  be  increased. 

Aluminium  has  considerable  tensile  strength,  which  is  greatly 
diminished  b}-  heating.  In  cast  aluminium  it  comes  near  to  that  of 
ordinary  iron  (0  to  7h  tons  to  the  sqmire  inch,  with  3  per  cent, 
extension).  Cold  rolled,  or  hammered  metal  has  a  tensile  strength 
equal  to  that  of  cast  gunmctal,  and  greater  than  that  of  hot  rolled 
copper.      Bauschinger  in    Munich  has  given   the    strength    of  cold 
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pressed  and  hammered  aluminium  as  17  tons  per  square  inch,  with 
a  diminution  of  section  from  12"9  to  1. 

The  diminution  of  the  tenacity  of  the  metal  with  increasing 
temperature  has  been  tabulated  by  Andre  le  Chatelier  ^ : — 

Temperature 15°  100°  200"  300"  400°  460" 

Tenacity  in  lbs.  per  sq.  in.    .   25,770       20,946        13,890        7,937  3,307        2,205 

Aluminium  is  distinguished  by  a  clear  ringing  sound.  Its  electric 
conductivity  is  given  as  59  when  pure  copper  is  100.  Its  specific 
heat  is  0-202.  , 

It   melts  at  a  red   heat   between   600^  and  700°.      At  a  higher  JOO 

temperature  it  volatilises,  but  the  exact  boiling  point  has  not  yet 
been  accurately  determined.  As  its  specific  heat  is  high  it  needs 
much  heat  and  some  time  to  fuse ;  and  as  its  latent  heat  is  also  great 
it  takes  a  long  time  to  cool  and  solidify.  According  to  Deville,  when 
it  is  cast  into  small  bars,  it  is  several  hours  before  these  can  be  held 
in  the  hand.  There  is  a  diminution  of  volume  during  solidifying,  the 
shrinkage  being  1  '8  per  cent,  of  the  original  volume. 

Aluminium  may  be  readily  plated  with  gold  and  silver.  There 
are  great  difficulties  in  the  way  of  plating  with  iron,  copper  or  brass. 

With  regard  to  the  influence  of  other  elements  in  small  quantity 
on  the  properties  of  aluminium,  it  is  well  known  that  1  to  2  per  cent, 
of  silicon  does  not  render  the  metal  noticeably  less  soft  and  tenacious 
in  the  cold,  but  decreases  its  malleability  when  hot.  More  than  2  per 
cent,  of  silicon  makes  the  metal  brittle  and  short. 

Quite  small  quantities  of  carbon  seem  to  deteriorate  the  valuable 
qualities  of  the  metal  altogether.^ 

Large  quantities  of  iron  make  it  hard  and  brittle.  Aluminium 
with  10  per  cent,  of  iron  is  as  brittle  as  native  sulphide  of  antimony. 

Nickel  in  quantity  has  the  same  effect ;  with  3  per  cent,  alumi- 
nium is  still  workable,  but  harder  and  more  elastic  than  when 
pure. 

Zinc  in  quantities  above  3  per  cent,  renders  it  hard  and  brittle, 
with  less  than  3  per  cent,  of  zinc  the  metal  is  harder  than  when 
pure,  but  still  very  workable. 

Bismuth  also  produces  brittleness.  With  only  y^  P^r  cent,  alumi- 
nium shows  clefts  under  the  hammer  even  wdien  repeatedly  annealed. 

Copper  in  quantity  has  the  same  effect,  but  up  to  5  per  cent, 
leaves  aluminium  still  workable.  W^ith  10  per  cent,  it  is  as  brittle 
as  glass.  Copper  containing  aluminium  is  hard,  elastic,  and  easily 
rolled  both  cold  and  warm. 

'  Dammer,  Chem.  Technology,  vol.  2,  p.  204. 
-  Borchers,  Elektrometallurgie,  p.  98. 
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Chemical  Properties  of  Aluminium  and  of  its  Compounds 
which  are  i.mpc^rtant  in  its  extraction 

Compact  alu  mini  111  II  does  not  oxidise  in  either  wet  or  dry  air  at 
the  ordinary  temperature.  When  melted  it  oxidises  very  slightly 
and  becomes  covered  with  a  thin  deposit  of  the  sesquioxide,  which 
prevents  further  action.  It  is,  however,  easily  oxidisable  when  in 
fine  division  or  m  thin  leaves  ;  it  then  burns,  if  heated  in  a  gas- 
flame,  with  a  dazzling  light,  and  forms  the  sesquioxide.  If  it  is  fused 
with  saltpetre,  it  is  not  oxidised  at  a  dull  red  heat,  but  forms  potassium 
aluminate  when  further  heated.  At  a  strong  white  heat  it  burns 
superficially  to  form  the  sesquioxide,  but  here  again  a  thick  layer  of 
this  oxide  stops  further  action. 

When  melted  it  reduces  many  oxides,  for  example,  those  of  iron, 
lead,  copper,  carbon,  silicon  and  boron,  forming  alumina.  Any 
aluminium  remaining  combines  with  the  element  thus  separated. 
Alumina,  the  sesquioxide,  is  not  soluble  in  metals,  and  does  not 
deteriorate  them  when  present;  therefore  aluminium  forms  a  good 
agent  for  purifying  metals  containing  their  oxides,  and  superior  to 
other  elements  similarly  used  for  refining  (such  as  silicon,  phosphorus, 
manganese,  magnesium  and  sodium). 

Aluminium  is  not  attacked  by  water,  either  when  boiling  or  at  the 
ordinary  temperature.  At  a  red  heat  steam  hardly  attacks  it ;  at  a 
white  heat  onlj^  superficially  and  slightly. 

Aluminium  leaf  boiled  for  many  hours  with  pure  water  is  entirely 
converted  into  alumina,  hydrogen  being  set  free. 

Mylius  and  Rose  ^  find  that  water  containing  air  acts  upon 
aluminium  so  that  small  quantities  of  hydrogen  dioxide  are  formed 
which  disappear  during  the  oxidation  of  the  metal. 

At  a  high  temperature  sulphur  combines  directly  with  the  metal 
to  form  the  sulphide  (AlgSg),  while  sulphuretted  hydrogen  has  no 
action  on  it.  In  this  respect  aluminium  has  an  advantage  over 
silver,  which  is  blackened  by  sulphuretted  hydrogen,  the  sulphide 
being  formed. 

Chlorine,  bi'oinine,  iodine,  boron  and  silicon  combine  easily  with 
aluminium. 

It  is  hardly  attacked  by  dilute  sulphuric  acid,  but  dissolves  in  the 
hot  concentrated  acid. 

Nitric  acid,  whether  dilute  or  concentrated,  does  not  act  on  it  in 
the  cold.  It  is  slowly  dissolved  by  the  boiling  concentrated  acid. 
Hydrochloric   acid   dissolves  the   metal,  more  easily  in  proportion  as 

'  Zeitsrhr.  f.  Imtrmn.,  1893,  p.  77. 
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more  concentrated ;  it  therefore  forms  the  best  solvent.  Potash  and 
8oda  Ij-e  dissolve  the  metal  energetically ;  hydrogen  is  given  off  and 
potassium  or  sodium  aluminate  formed.  Fused  alkalies,  with  not 
more  than  one  equivalent  of  water,  do  not  attack  aluminium. 

Aqueous  ammonia  attacks  it  only  slightly,  gaseous  ammonia  not 
at  all.  Lime  water  acts  like  potash  and  soda  lye.  Organic  acids 
have  no  action  in  the  cold,  and  only  a  very  feeble  one  when  warmed. 

Finely  divided  aluminium  will  burn  with  flame  in  a  stream  of 
chlorine,  forming  the  chloride. 

The  metal  is  attacked  by  aqueous  solutions  of  the  carbonates, 
phosphates,  silicates,  borates  and  sulphides  of  the  alkalies. 

A  solution  of  aluminium  chloride  acts  energetically  on  the  metal, 
forming  a  basic  chloride.  A  solution  of  alum  mixed  with  common 
salt  dissolves  aluminium,  giving  off  hydrogen,  and  forming  a  basic 
chloride. 

Aluminium  does  not  throw  down  any  electro-negative  metal  from 
its  solution  as  sulphate ;  it  does  slowly,  and  with  difficulty,  dejDOsit 
them  from  their  nitrates,  but  quickly  and  readily  from  their  chlorides 
(for  instance,  silver,  copper,  mercury,  lead,  thallium). 

It  precipitates  silver,  lead  and  zinc  from  their  alkaline  solutions. 

Amongst  the  materials  used  as  fluxes,  carbonates  and  sulphates 
of  alkalies,  also  silicates  and  borates,  are  found  to  have  a  specially 
injurious  effect  on  aluminium.  Silicon  and  boron  will  be  set  free 
from  the  t\yo  last ;  and  silicon  combines  in  all  proportions  with 
aluminium,  and  is  always  taken  up,  if  excess  be  present.  Silicates 
and  borates  should,  therefore,  not  be  present  during  the  production 
of  the  metal.  Haloid  compounds  of  aluminium  attack  the  metal. 
The  least  injurious  fluxes  are  common  salt  and  calcium  fluoride. 

It  is  best  to  fuse  aluminium  without  any  flux. 

Aluminium  Oxide  :  AlUxMixa  (Al^Og) 

is  found  naturally  as  corundum,  sapphire  and  emery.  It  is  obtained 
artificially,  by  igniting  the  hydrate,  in  the  form  of  an  amorphous 
white  powder,  which  is  insoluble  in  water,  and  difficultly  soluble  in 
acids.  It  may  also  be  obtained  in  the  same  form  by  igniting  alumi- 
nium sulphate,  and  ammonia-alum.  It  melts  at  a  very  high  temper- 
ature to  a  clear,  colourless  liquid.  It  is  split  up  by  an  electric 
current  into  aluminium  and  oxygen.  It  is  reduced  to  metal  by 
carbon  at  the  high  temperature  of  the  electric  current.  It  acts  as 
acid  radicle  to  many  bases  (alkalies  and  alkaline  earths),  and  forms 
aluminates.     The  best  known  is  sodium  aluminate,  Al.,(NaO)^. 


:>• 
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Alumina  forms  several  hydrates  with  water,  from  A1.,0.,(0H)2  to 
A1,(0HV 

These  hydrates  occur  naturally  as  diaspore,  bauxite  and  hydrar- 
gillite.  Artificially,  a  hydrate  is  obtained  by  precipitation  from 
an  alkaline  alurainate  with  carbon  dioxide.  Thus  with  sodium 
aluminate : 

Al2(0Na),  +  8H,0  +  3CO2  =  Al^COH)^  +  SNa.COg. 

This  gives  a  loose  white  powder  soluble  in  acids.  It  acts  as  an 
acid  with  oxides  of  the  alkalies  and  alkaline  earths. 


Aluminium  Chloride  (AUClg) 

is  obtained  by  burning  the  metal  in  chlorine.  In  Oerstedt's  method 
it  is  obtained  by  igniting  an  intimate  mixture  of  alumina  and  char- 
coal in  a  stream  of  chlorine  : 

AI.3O3  +  3C  +  3CI2  =  AlgClg  +3C0. 

If  the  hydrate  is  dissolved  in  hydrochloric  acid  and  the  solution 
evaporated,  the  anhydrous  chloride  cannot  be  obtained,  as  the  solution 
splits  up  into  alumina  and  hydrochloric  acid.  Aluminium  chloride 
is  colourless,  gives  off  vapours  in  the  air,  and  absorbs  moisture  from 
it.  At  high  temperatures  (below  its  melting  point),  it  volatilises 
easily.  If  these  vapours  act  upon  aluminium  at  a  red  heat  in  an 
atmosphere  of  oxygen,  the  oxychloride  is  formed.  If  aluminium  is 
heated  to  1,300°  in  a  tube  containing  vapours  of  the  chloride  in  the 
absence  of  air,  small  drops  of  the  fused  metal  are  deposited  in  the 
cool  parts  of  the  tube  (Troost  and  Hautefeuille).  The  explanation 
seems  to  be  that  a  gaseous  lower  chloride  is  formed,  and  then 
decomposed. 

Aluminium  is  not  successfully  separated  from  the  chloride  by  an 
electric  current,  because  this  compound  volatilises  before  it  fuses. 
The  decomposition  goes  on  properly,  however,  if  the  easily  fusible 
double  chloride  with  sodium  is  used.  This  double  salt  was  foraierly 
used  to  obtain  the  metal.  Aluminium  fluoride  can  be  obtained 
according  to  Grabau,  by  decomposing  cryolite  (AlgFjjGXaF)  with 
aluminium  sulphate,  sodium  sulphate  being  formed  at  the  same 
time.  The  substance  obtained  is  a  white  powder,  insoluble  in  water. 
It  is  decomposed  by  sodium  at  a  red  heat,  aluminium  in  the 
metallic  form  being  deposited  while  an  artificial  cryolite  (aluminium 
and  sodium  fluoride)  is  formed.  Grabau  bases  his  method  for 
extracting  aluminium  upon  this  reaction. 
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Aluminium  Carbide 

It  was  formerly  thought  that  ahiininium  did  not  combine  with 
carbon.  Moissan  ^  has  very  recently  succeeded  in  making  a  com- 
pound of  the  formula  CgAl^,  by  heating  them  in  an  electric  furnace 
in  an  atmosphere  of  hydrogen.  The  substance  forms  yellow  trans- 
parent crystals. 

According  to  Borchers,^  when  alumina  and  coal  are  heated  in  an 
electric  furnace,  a  gray  sintered  mass  is  obtained,  which,  when  cold, 
is  brittle  and  crumbling,  and  consists  of  aluminium,  aluminium 
carbide,  carbon,  and  various  impurities  originating  in  the  coal. 

He  states  also  that  quite  small  quantities  of  carbon  will  render 
aluminium  unfit  for  commercial  use. 

Salts  in  which  aluminium  acts  as  a  base  are  derived  from  the 
oxide  AI.3O3.  The  metal  is  not  precipitated  by  other  metals  from  the 
aqueous  solutions  of  these  salts.  It  has  not  so  far  been  separated 
by  an  electric  current.  The  hydrate,  and  not  the  metal,  is  thrown 
down  when  the  solutions  are  electrolysed. 

SILICON-ALUMINIUM 

is  obtained  when  aluminium  is  melted  with  silicates.  In  this  way  a 
compound  containing  70  per  cent,  silicon  can  be  obtained.  A  portion 
is  dissolved  in  the  aluminium,  and  another  part  seems  to  be  mechani- 
cally njixed  like  graphite  in  pig-iron.  When  silicon-aluminium  is 
treated  with  hydrochloric  acid,  part  of  the  silicon  escapes  as 
siliciuretted  hydrogen,  another  passes  into  solution  as  silica,  and  a 
third  part  remains  behind  as  a  black  powder. 

Alloys  of  Aluminium 

Aluminium  alloys  with  most  metals,  li  combines  easily  with 
potassium  and  sodium.  An  alloy  containing  only  2  per  cent,  sodium 
decomposes  water. 

It  also  alloys  with  calcium  and  magnesium. 

It  combines  with  iron  in  all  proportions,  and  separates  carbon 
from  it  very  much  as  silicon  does.  The  alloy  is  very  hard  and 
brittle.  Aluminium  present  in  iron  in  small  quantities  lowers  its 
melting  point,  and  increases  its  strength,  hardness  and  ductility. 

It  behaves  in   the  same  way  with  nickel  and  cobalt,  the  alloys 

^  Zeitschr.  fiir  Eltktrotechidk  unci  Elektrochemie,  1894.  voL  vi.  ;  Compfes  Bendiin, 
voL  cxix. ,  1894,  part  i.,  p.  16. 
2  Elektrometal/urgie,  p.  98. 
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being  brittle.     But  an  alloy  containing  up  to  3  per  cent,  nickel  can 
be  worked,  and  is  harder  and  more  elastic  than  pure  aluminium. 

It  easily  unites  with  zinc,  of  which  more  than  3  per  cent,  produces 
brittleness.  Alloys  of  zinc,  copper  and  aluminium  are  used  to  solder 
aluminium. 

Alloy's  with  tin  are  also  easily  formed ;  and  are  used  to  solder 
aluminium.  Lead  and  antimony  combine  very  imperfectly  with 
aluminium. 

Bismuth  easily  unites  with  it,  forming  brittle  substances,  very 
(juickly  oxidised  at  the  ordinary  temperature. 

Copper  and  aluminium  form  alloys  in  all  jjroportions.  Whilst 
a  little  copper  deteriorates  aluminium,  and  10  per  cent,  makes  it  as 
brittle  as  glass,  on  the  other  hand  a  small  proportion  of  aluminium 
improves  copper.  Copper  containing  up  to  10  per  cent,  aluminium 
is  distinguished  by  great  hardness,  strength  and  tenacity,  and, 
under  the  name  of  aluminium  bronze,  has  found  manifold  technical 
uses  where  these  qualities  are  essential.  The  bronze  comes  into 
competition  Avith  tombac,  phosphor-bronze,  manganese-bronze,  delta 
metal  and  steel. 

If  the  copper  contains  more  than  10  per  cent,  of  aluminium,  the 
alloy  will  be  brittle.  Below  10  per  cent,  the  tenacity  increases 
rapidly.  Cast  aluminium  bronze,  containing  5  per  cent,  aluminium, 
breaks  at  a  strain  of  25  tons  per  square  inch  with  an  extension  of  64 
per  cent,  on  a  4  inch  specimen.  An  addition  of  silicon  increases  the 
former  to  50  tons  per  square  inch,  and  decreases  the  latter  to  1  per  cent. 

The  colour  of  the  bronze  is  bluish-white  if  there  is  more  than 
20  per  cent,  of  aluminium ;  with  between  20  and  15  per  cent,  of  this 
metal  it  is  jiure  white  ;  with  less  proportion  of  aluminium  it  gradually 
becomes  yellow  ;  5  per  cent,  gives  a  gold  3-ellow ;  3  per  cent.,  a  red 
gold  colour. 

The  melting  point  of  bronze  with  10  per  cent,  of  aluminium  is 
about  950° ;  it  makes  good  castings. 

A  small  quantity  of  aluminium  (1  to  2  per  cent.)  has  a  good  effect 
on  brass :  it  makes  it  more  lim])id  when  molten,  and  increases  its 
strength  and  tcnacit}-. 

Aluminium  does  nc»t  unite  directly  with  mercury,  apparently 
because  the  first  attack  of  the  mercury  is  prevented  by  the  slight 
film  of  oxide  on  the  surface  of  the  metal.  An  amalgam  is  formed 
when  aluminium  forms  the  cathode  in  the  electrolysis  of  a  mercury 
salt,  or  if  the  metal  is  moistened  with  caustic  alkali,  or  if  its  surface 
is  scraped  imder  mercur}'.  It  loses  its  lustre  in  the  amalgamated 
.state,  and  in  the  air  forms  the  oxide  with  cn olution  of  heat. 


ALUMINIUM  633 

An  alloy  of  equal  (|uantiti('.s  of  aluminium  and  silv(a-  is  as  hard  as 
bronze. 

Gold  containing  1  jjer  cent,  of  aluminium  has  a  green  colour ;  with 
10  per  cent,  it  is  white  and  brittle ;  with  22  per  cent,  deep  purple, 
and  possesses  a  melting  point  about  20°  C.  higher  than  that  of  pure 
gold.^ 

MATERIAL    FOR    THE    EXTRACTION    OF    ALUMINIUM 

Aluminium,  after  oxygen  and  silicon,  is  the  most  abundant 
element  on  the  globe  ;  yet  there  are  very  few  minerals  which  lend 
themselves  to  its  extraction. 

The  most  common,  clay,  felspar,  mica  and  kaolin,  and  the  rocks 
of  which  these  minerals  form  the  constituents,  have  not  yet  been 
utilised  at  all  to  produce  aluminium. 

Bauxite,  cryolite,  and  minerals  containing  aluminium  sulphate, 
are  the  only  proper  aluminium  ores.  Corundum  has  been  used  so 
far  only  in  making  alloys. 

Bauxite  is  a  mixture  of  aluminium  and  ferric  hydrates,  and  was 
first  found  in  the  district  Baux,  near  Aries,  in  Provence.  It  was 
discovered  later  on  in  other  parts  of  the  South  of  France.  It  also 
occurs  in  the  Departments  Var  and  Bouches  du  Rhdne  over  a  length 
of  95  miles  in  beds  of  a  thickness  amounting  in  places  to  between 
65  feet  and  95  feet.^  Beds  have  also  been  found  in  Carniola,  Nassau- 
Hesse,  Ireland,  Calabria,  Senegal,  Georgia  and  Alabama. 

The  composition  of  various  kinds  of  French  bauxite  may  be  seen 
in  the  following  analyses:^  No.  I.  is  from  Villeveyrac  (Herault), 
II.  from  Nas  de  Gilles  at  Baux,  III.  from  Paradon  at  Baux,  IV.  is  a 
silicated  bauxite  at  Villeveyrac,  V.  a  silicated  bauxite  from  Baux. 

I.  II.  III.                    IV.                    V. 

Aluniina 78-10  57-6  —  43-20  58-1 

Alumina  with  titanic  acid  .    .      —  —  18  —  — 

Ferric  oxide 1-02  25-3  60  7-25               3  8 

Silica 578  5-9  4  34-40  24-9 

Water 15-10  —  —  15-15  142 

Water  and  calcium  carbonate      —  11-2  18  —  — 

The  following  is  the  composition  of  a  German  bauxite  from 
Mithlbach,  near  Hadamar,  in  Nassau-Hesse  : — 

Alumina 55-610 

Ferric  oxide 7-170 

Silica 4-417 

Chalk 0-386 

Magnesia      trace 

Water  and  lo.s.s  by  heat    .    .  32-330 

1  W.  C.  Roberts-Austen,  Proc.  Roy.  Soc. ,  1892,  p.  367. 

2  Berne  Unir.  de.i  Mines,  1863,  xiv.,  387. 
^  Knab,  AMal/urc/ie,  p.  581. 
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The  following  are  three  specimens  of  a  variety  called  wochenite 
from   Feistritz,  in  Carniola,  analysed  by  G.  Schnitzer. 

Brown  AVocheiiito.  Yellow  Wochenite.  White  Wochenite 

Alumina 44-4  M'l  646 

Ferric  oxide 30S  10-4  2-0 

Silica ^.lu  12-0  I'd 

Water  and  loss  by  heat     .    .  !»-7  21-9  24-? 

Bauxite  is  first  converted  into  alumina,  which  is  the  proper 
material  from  which  to  extract  the  metal. 

Cryolite,  a  double  fluoride  of  sodium  and  aluminium  of  the 
formula  Al^Fg  +  GXaF,  occurs  at  Ivitut  in  the  Bay  of  Arsuk  in  South 
Greenland,  where  it  forms  an  extensive  deposit.  At  the  surface  it  is 
white,  at  10  feet  deep  it  is  blue-green,  at  15  feet  it  is  black,  and 
transparent  at  the  edges.  The  darker  kinds  become  white  when 
ignited. 

The  composition  of  pure  cryolite  is  as  follows  : — 

Aluminium      ....     1307  per  cent. 

Sodium       33-35 

Fluorine 53-58 

Cryolite  can  be  worked  up  directly  into  the  metal,  or  first 
converted  into  the  oxide. 

Alum  can  be  obtained  from  certain  rocks  and  minerals  ci  )ntainiug 
aluminium  sulphate ;  it  is  used  as  a  source  of  alumina,  and  from  the 
latter  the  metal  is  obtained.  Such  minerals  are  alum-earth,  alum- 
shale,  alum-stone  or  alunite,  hair-salt  or  alunogcn,  aluminite.  Gorun- 
dum,  which  forms  rubies  and  sapphires  when  in  its  purest  forms,  is 
used  as  an  ore  for  aluminium  in  its  impure  form,  in  which  it  is 
known  as  emerj*.  This  is  found  at  Naxos  in  Greece,  and  at  Chester 
in  Massachusetts,  and  has  recently  been  discovered  in  large  quan- 
tities in  the  States  of  North  Carolina  and  Georgia. 

The  Ex'i'RACTiox  of  Aluminium 

Aluminium  can  be  obtained  in  the  dry  way  and  by  electro-metall- 
urgy. Its  extraction  in  the  wet  way,  as  a  deposit  from  aqueous 
solution,  has  hitherto  been  found  impossible,  as  no  metal  has  been 
f(3und  to  precipitate  it ;  neither  has  its  deposition  from  such  solution 
by  an  electric  current  been  found  possibl(\ 

The  extraction  by  a  dry  method  is  confined  to  the  decomposition 
of  certain  fused  halogen  compounds  of  the  metal  by  sodium,  or 
magnesium.  Aluminium  is  then  separated  as  metal,  while  the 
sodium  or  magnesium  combines  with  the  halogen.     Such  compounds 
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are  the  double  chloride  of  aluminium  and  sodium,  cryolite  (Al^FgGNaF),   H^     -■ 
and  aluminium  fluoride  (Al.^Fg),  which  are  chiefly  used  in  the  pro-      /jV     1. 
duction  of  the  metal. 

The  process  in  which  the  double  chloi'ide  of  aluminium  and 
sodium  is  used  is  the  oldest.  It  was  used  for  a  long  time,  but  it  is 
costly,  and  has  been  supplanted  by  an  electro-metallurgical  method. 

The  process  of  separation  from  cryolite  by  sodium  was  used  only 
a  short  time  ;  the  cost  was  too  great,  and  the  yield  of  metal  from 
cryolite,  which  contains  only  13  per  cent.,  is  too  small. 

The  production  of  aluminium  from  the  fluoride  (Grabau's  process) 
has  hardly  yet  come  into  definite  use. 

Apart  from  these  processes  (of  which  the  two  first  have  been 
carried  out  with  most  varied  practical  modifications),  there  has  been 
no  lack  of  proposals  for  the  extraction.  Some  of  these  have  never 
been  tried  at  all,  and  others  have  not  been  able  to  survive  trial ;  these 
may  therefore  be  passed  over. 

Electro-metallurgical  methods  have  been  confined  up  till  now  to 
fusible  compounds  of  the  metal,  in  contradistinction  to  aqueous  solu- 
tions. Such  compounds  are  first  fused  and  then  decomposed  by  an 
electric  current.  The  sources  employed  are  alumina,  the  haloid  \\ 
compounds,  and  the  sulphide.  A  separation  of  the  metal  from  its 
silicates  has  not  been  achieved  so  far.  The  fact  that  the  current 
may  be  used  first  to  fuse  the  halogen  compounds  causes  a  consider- 
able economy  in  the  process,  so  that  the  other  methods,  in  which  such 
compounds  have  to  be  fused  and  then  reduced  by  sodium,  cannot 
compete  with  this  one,  and  are  falling  into  disuse. 

The  production  of  pure  aluminium  on  a  large  scale  by  an  electric 
current  has  only  quite  recently  been  achieved.     The  difficulties  arose 
from  the  aluminium  taking  up  carbon  from  the  carbon  cathode,  or      ' 
from  the  carbon  used  to  reduce  the  alumina ;  from  the  volatilisation      y^ 
of  part  of  the  metal ;  from  difficulty  in  collecting  the  metal  into  a      3 
solid  mass ;  and  from  the  aluminium  vapour  being  caused  to  ignite      */ 
by  carbon  monoxide. 

The  precursors  of  the  method  for  making  pure  aluminium  were 
those  for  producing  aluminium  alloys  by  the  electric  current,  par- 
ticularly Heroult's  process.  This  consists  in  fusing  alumina  by  the 
current,  and  electrolysing  it  between  sticks  of  carbon  as  anodes  and 
fused  metals  as  cathodes.  Aluminium  is  deposited  at  the  cathodes 
and  combines  with  the  fused  metal  there  to  form  an  alloy.  The 
oxygen  set  free  at  the  anode  burns  with  the  carbon  there  to  carbon 
monoxide. 

Previous  to  this  process  for  making  alloys,  a  similar  one,  invented 
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by  Cowles  Brothers,  was  carried  on  to  a  large  extent  in  the  United 
States.  In  this,  however,  opinions  differ  as  to  the  action  of  the 
current.  A  mixture  of  ahiniina,  wood  charcoal,  and  the  metal  (or 
the  oxide  of  the  metal),  with  which  the  aluminium  Avas  to  be  alloyed, 
was  subjected  to  the  action  of  a  current  between  two  carbon  poles. 
Aluminium  was  separated,  and  combined  with  the  metal,  which  was 
usually  copper,  to  produce  aluminium  bronze. 

Authorities  are  not  agreed  as  to  the  exact  action  of  the  current  in 
this  case,  whether  it  is  solely  electrothermic  or  partly  electrolytic 
also.  In  the  first  case  the  alumina  is  reduced  by  carbon,  in  thi- 
second  it  is  split  uj)  by  the  current  into  aluminium  and  oxygen. 
Hampe  ^  has  concluded,  as  the  result  of  his  own  experiments,  that 
the  action  is  at  first  electrothermic,  but  afterwards  essentially 
electrolytic.  Borchers  -  takes  the  view  that  the  alumina  is  reduced 
to  metal  by  the  electrically  heated  carbon.  He  bases  his  decision  on 
a  simple  experiment,  which  is  described  below. 


A  thin  carbon  pencil  W  (Fig.  344)  of  about  one-eighth  of  an  inch 
in  diameter  and  two  inches  long,  is  made  fast  between  two  strong 
sticks  of  carbon  K  one  inch  or  one  and  a  quarter  inch  in  diameter. 
This  pencil  passes  lengthwise  through  a  small  cylindrical  paper  shell 
P,  filled  with  an  intimate  mixture  31  of  alumina  and  charcoal 
(obtained  by  repeated  mixing  and  igniting  aluminium  hydrate  and 
tar).  Two  small  cork  discs  close  the  ends  of  the  cartridge.  After 
the  latter  is  well  covered  by  coarselj'-powdered  wood  charcoal,  thi' 
whole  arrangement  is  put  into  a  circuit  in  Avhich  a  cun-ent  of  35 
to  40  amperes  is  passing,  and  remains  there  two  or  three  minutes. 
The  cartridge  thus  heated  is  sufficiently  cooled,  and  when  the  charcoal 
])owflci-  has  been  removed  the  central  pencil  is  found  to  be  covered 

^  Chcmiker  Zdtitwj,  1888,  p.  3!)1. 
-  Elektrome(aUitr</ie,  p.  97. 
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with  a  sintered  mass,  which  consists  of  aluminium  strongly  impreg- 
nated with  carbon.  The  absolute  impossibility  that  a  spark  should 
be  produced  in  this  experiment  will  be  (piite  obvious,  and  there 
can  be  no  sign  of  an  electrolytic  decomposition  as  long  as  there 
is  no  break  in  the  current  within  the  mixture.  It  need  hardly  be 
mentioned  that  if  copper  or  coj^per  oxide  be  added  to  the  mixture 
aluminium  bronze  will  be  produced.  With  this  simple  arrangement 
it  is  an  easy  matter  to  show  by  experiment  that  every  metallic  oxide 
is  reduced  by  carbon  at  a  sufficiently  high  temperature.^ 

It  thus  appears  that  in  the  Cowles  process  alumina  is  reduced 
by  carbon,  and  that  the  current  simply  supplies  the  necessary  heat. 
This  and  the  Heroult  process  are  described  at  greater  length 
later  on. 

Aluminium  is  principally  extracted  at  the  present  time  by  the 
agency  of  electricity. 

We  must  classify  methods  into : — 

1.  Extraction  in  the  dry  way. 

2.  Extraction  by  the  agency  of  an  electric  current. 
8.  Extraction  of  aluminium  in  the  form  of  alloys. 

As  it  is  not  possible  to  refine  the  metal  it  must  be  produced  in 
the  pure  state.  This  consideration  renders  the  process  one  of  the  most 
difficult. 

1.    EXTRACTION   OF   ALUMINIUM    IN   THE   DRY    WAY 

Since  this  method  is  no  longer  practised,  it  will  only  be  necessary 
to  pass  the  various  processes  in  short  review,  although  they  are  very 
important  in  the  metallurgical  history  of  aluminium,  and  formed 
for  a  long  time  the  chief  branch  of  the  industry.  They  are  all  based 
on  the  decomposition  of  fused  halides  of  the  metal  by  sodium  or 
magnesium,  as  already  mentioned.  The  oldest  process  in  which 
aluminium  and  sodium  chloride  was  used,  was  invented  by  Deville  and 
improved  by  Castner. 

In  certain  works  cryolite  is  used  instead  of  this  double  chloride, 
as  in  Netto's  process,  and  finally  Grabau  suggested  aluminium 
fluoride. 

A.  Deville  s  Process 

This  was  based  on  the  experiments  of  Wcihler,  who  had  obtained 
aluminium  in  1827  by  decomposing  its  chloride  by  potassium.  In 
1854  Deville  substituted  the  much  more  suitable  double  chloride, 
replaced  potassium  by  less  costly  sodium,  and  so  made  the  production 
of  the  metal  possible  on  a  large  scale. 

Elektrometallnryie,  p.  104. 
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The  process  consisted  in  heating  the  double  chloride,  mixed  ^\^th 
cryolite  as  a  flux,  with  sodium  in  a  reverberatory  furnace  at  a 
gradually  increasing  temperature,  when  aluminium  and  sodium 
chloride  were  formed. 

At  the  Salindres  Aluminium  Works  (Gard),  the  largest  in  France, 
bauxite  was  the  source  of  the  double  chloride  of  aluminium  and 
sodium.  It  had  to  be  first  converted  into  aluminium  hydrate,  which 
was  heated  alone  to  150°,  and  then  converted  into  the  double  chloride 
by  ignition  with  salt  and  coal  in  a  stream  of  chlorine  gas. 

The  production  of  the  pure  hydrate  from  bauxite  was  effected  b}' 
fusing  it  with  soda  to  form  sodium  aluminate,  lixiviating  this  com- 
pound with  water,  and  treating  the  solution  with  carbon  dioxide, 
which  threw  do'UTi  aluminium  hydrate.  For  this  purpose  bauxite  was 
powdered  and  intimately  mixed  with  soda,  and  the  mixture  fused  in 
a  reverberator}'  furnace  of  the  Leblanc-soda  pattern.  (A  charge 
consisted  of  9  J  cwt.  of  bauxite  and  6  cwt.  of  soda,  and  was  heated 
five  or  six  hours.)  Thus  the  alumina  became  converted  into  sodium 
aluminate,  while  the  iron  oxide  was  unattacked. 

The  aluminate  was  washed  out  b}'  water  in  c}lindrical  vessels  of 
iron  plate,  with  double  bottoms  and  linen  filters.  The  liquid  was 
transferred  to  special  vessels,  each  holding  264  gallons,  and  there 
treated  with  carbon  dioxide  obtained  from  chalk  and  hydrochloric 
acid.  Sodium  carbonate  was  formed  and  remained  in  solution,  while 
hydrate  of  alumina  was  precipitated.  The  vessels  were  provided 
with  agitators,  and  had  double  bottoms,  through  which  steam  was 
led  during  the  precipitation  for  five  or  six  hours :  the  temperature 
was  kept  up  to  70°  C. 

The  precipitate  and  the  solution  were  brought  into  a  special 
vessel,  in  which  the  former  subsided  and  the  liquid  was  poured  off. 
The  hydrate  was  ready  to  be  converted  into  chloride  after  repeated 
washings.  It  then  contained  47'5  per  cent,  of  alumina,  50  per  cent, 
of  water,  and  2'5  per  cent,  of  sodium  carbonate. 

The  solution  of  sodium  carbonate  separated  from  the  precipitate 
was  evaporated  down  and  used  again  to  convert  bauxite  into  sodium 
aluminate. 

The  hydrate  of  alumiiiiniii  was  next  mixed  with  sodium  chloride 
and  finely-powdered  wood  charcoal,  and  the  mixture  made  into  balls 
the  size  of  the  fist,  vnth  a  little  water,  and  dried  at  150°  C.  The 
dried  balls  were  placed  in  an  upright  retort  of  fireproof  clay,  and 
heated  to  a  white  heat  in  a  current  of  chlorine.  The  volatile  double 
chloride  of  sodium  and  aluminium  was  thus  produced,  and  was 
collected  in  condensing  chambers  attached  to  the  retort,  while  the 
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carbon    monoxide    formed,  and    tlie    excess    of  chlorine,    passed   off 
through  a  chinmey. 

The  arrangement  of  the  apparatus  can  be  seen  in  Fig.  345.  11  is 
the  retort,  F  the  grate,  P  the  fire-bridge  ;  w,  n,  are  the  flues,  0  is  the 
opening  to  admit  chlorine,  which  enters  the  retort  by  a  porcelain 
tube  ;  Z  is  the  condensing  chamber  for  the  double  chloride,  furnished 
with  a  movable  cover  M.  Sometimes  large  eq,rthen  pots  were  used 
instead  of  this  chamber,  with  covers  well  luted  down.  The  incon- 
densible  vapours  were  led  through  a  tube  in  the  cover  into  the 
throat  of  the  chimney.     The  balls  were  placed  in  the  retort  through 


Fig.  340 


the  opening  Z,  closed  by  a  cover.  The  residue  after  firing  was 
removed  by  an  opening  V  in  the  bottom  of  the  retort,  closed  by  a 
brick  slab,  forced  upwards  by  means  of  a  screw. 

After  the  balls  had  been  put  into  the  retort,  heat  was  applied  to 
remove  water  from  the  aluminium  hydrate ;  after  it  had  passed  off 
chlorine  was  led  through  and  the  temperature  raised  gradually  to  a 
white  heat.  Chlorine  was  absorbed  during  the  whole  operation,  and 
the  double  chloride  appeared  in  the  condensing  chamber  as  a 
crystalline  mass  with  a  yellow  colour  (due  to  ferric  and  ferrous 
chloride).     The  reaction  is  shown  in  the  following  equation — 

Al.Og  +  2NaCl  +  3C  +  3C1.,=  3C0  +  AUCleSNaCl. 

One  distillation  lasted  12  hours.  Towards  the  close  the  absorption 
of  chlorine  became  irregular. 
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The  separation  of  aluminium  from  the  double  chloride  took  place 
with  the  assistance  of  cryolite  as  a  flux.  This  was  necessary  to  aid 
the  small  portions  of  metal  separated  to  run  together.  The  mixture 
consisted  of  220  lb.  of  the  chloride,  100  lb.  of  cryolite,  77  lb.  sodium. 
The  first  two  were  in  the  form  of  powder,  the  sodium  in  pieces 
about  yV  to  ^  of  a  cubic  inch.  The  mass,  divided  into  four  portions, 
was  charged  into  a  reyerberatory  furnace  with  a  well  and  sloping  bed 
at  a  low  red  heat.  The  heat  was  regularly  increased  for  three  hours, 
after  which  the  separation  was  complete,  and  the  tapping  was  pro- 
ceeded with.  First,  the  slag  was  run  into  iron  waggons,  then  the 
aluminium  into  heated  cast-iron  ladles,  and,  lastly,  a  mixture  of 
sodium  chloride  and  cryolite  containing  small  portions  of  aluminium 
was  tapped  into  another  cast-iron  ladle.  To  cast  it  into  bars  the 
aluminium  was  poured  into  small  cast-iron  moulds ;  the  grains  of 
aluminium  separated  out  from  the  mixture  tapped  last. 

The  sodium  Avas  produced  by  heating  a  mixture  of  sodium 
carbonate,  coal  and  calcium  carbonate  in  iron  tubes. 

In  1882  the  cost  of  production  of  aluminium  by  this  process  was 
about  thirty  shillings  a  pound  (80  fr.  per  kg.).^  The  market  price  in 
Berlin  in  1885  was  about  £2  18s.  per  pound  (130  m.  per  kg.).  At 
present  it  is  made  by  the  electric  process  at  less  than  two  shillings  a 
pound  (4  m.  per  kg.). 

B.  The  Process  of  Deville  and  J.  Castner 

This  is  the  Deville  process  improved  by  Castner.  The  improve- 
ments consist  in  a  cheaper  production  of  alumina  and  of  sodium, 
in  making  chlorine  by  the  Weldon  process,  in  producing  the  double 
chloride  free  from  iron,  and  in  using  plant  of  greater  capacity  to 
make  and  to  reduce  the  chloride.  The  process  was  carried  out  at 
Oldbury,  near  Birmingham,  and  brought  down  the  cost  of  production 
to  about  twenty  shillings  per  pound  (44s.  per  kg.).  It  has  also 
been  replaced  by  the  electrical  method,  and  has  gone  out  of  use. 

The  alumina  was  made  from  alum  by  Webster's  process.'  The 
alum  was  mixed  with  tar  and  ignited.  The  mass,  after  ignition,  was 
treated  with  hydrochloric  acid  to  decompose  any  sulj)hides  produced, 
then  mixed  with  powdered  wood  charcoal  and  ignited  in  a  retort  in  a 
current  of  steam  and  air.  After  this  ignition  the  mass  was  lixiviated 
with  water,  potassium  sulphate  went  into  solution,  and  alumina 
remained  behind. 

The  double  chloride  was  made  in  clay  retorts  10  feet  long,  five  of 

>  Wiirz,  Wagners  Jahrcilxrich/ ,  1882,  122. 
2    Waijntr's  Jahrtfbtricht,  1883,  p.  153. 
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which  were  enclosed  in  a  reverberatory  gas-fired  furnace  of  the  re- 
generative type ;  the  process  was  similar  to  Deville's.  Chlorine  Avas 
made  by  Weldon's  process  in  a  neighbouring  works,  and  led  into  a 
gasometer  by  earthenwan;  pipes ;  it  passed  from  this  at  constant 
pressure  into  the  retort.  Castner  had  a  process,  kept  secret,  for 
removing  the  chlorides  of  iron  down  toO'Ol  percent,  from  the  double 
chloride,  whereas  originally  its  admixture  gave  the  substance  a  pale 
yellow,  or  even  dark  red,  colour,  and  caused  the  aluminium  j)roduced 
to  contain  as  much  as  5  per  cent,  of  iron. 

In  Castner's  process  sodium  was  made  ^  from  caustic  soda  and 
carbide  of  iron,  which  latter  was  produced  by  heating  ferric  oxide 
with  pitch  (70  parts  iron  to  30  of  carbon).  According  to  Roscoe  the 
iron  of  this  compound  does  not  enter  into  the  reaction,  which  takes 
place  in  accordance  with  the  equation  : — 

SNaOH  +  C  =  Na^COg  +  8H  +  Na. 

The  great  advantage  of  this  method  for  obtaining  sodium  is  that 
the  caustic  soda  is  kept  in  the  fused  state  by  the  action,  which  is 
not  the  case  when  ordinary  soda  is  used.  Further,  if  soda-ash  is 
used,  vessels  of  very  small  diameter  must  be  employed  to  keep  up 
the  temperature  necessary  for  reduction.  In  Castner's  process  egg- 
shaped  steel  vessels,  2  feet  long,  and  Ih  feet  in  greatest  diameter, 
were  used  for  the  decomposition ;  they  held  80  lb.  charges.  The 
covers  of  these  were  fixed,  while  the  vessels  themselves,  which  stood 
on  one  of  the  movable  plates  closing  the  furnace  hearth,  could  be 
moved  up  to  the  covers  by  hydraulic  pressure,  making  an  air-tight 
joint. 

The  vapours  of  sodium  were  led  through  a  tube  in  the  cover  of 
each  vessel  into  a  special  inclined  cylindrical  condenser,  3j  feet  long 
and  5  inches  in  diameter.  The  condensed  sodium  flowed  through  an 
opening  three-quarters  way  down  this  condenser  into  a  vessel  filled 
to  a  certain  height  with  petroleum,  in  which  it  solidified.  The 
incondensible  gases  passed  out  at  an  opening  at  the  end  of  the 
cylinder.  The  distillation  lasted  1  or  2  hours.  During  this  time 
about  7  lbs.  of  sodium  collected  in  the  receptacle.  From  560  lbs. 
of  soda,  67  lbs.  of  sodium  and  540  lbs.  of  sodium  carbonate  were 
obtained ;  the  latter  was  reconverted  into  caustic  soda  by  lime. 
Sodium  can  be  produced  by  this  method  at  less  than  a  shilling  a 
pound  (2  m.per  kg.). 

The  decomposition  of  aluminium-sodium  chloride  by  sodium  was 
carried  on  in  gas-fired  reverberatory  furnaces  with  sloping  hearths 

'  German  patent,  Xo.  40,4:15. 
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6  feet  square.  To  1 1  cwts.  of  double  chloride  5^  cwts.  of  cryolite  were 
added,  and  then  350  lbs.  of  sodium  cut  into  slices  by  a  machine  ; 
the  whole  was  then  intimately  mixed  in  drums.  From  this  charge 
a  little  more  than  1  cwt.  of  99  per  cent,  alummium  was  obtained ; 
the  impurities  were  a  few  tenths  per  cent,  of  silicon  and  iron. 

C.  Nettd's  Process 

This  produces  metallic  aluminium  by  decomposing  cryolite  Avith 
sodium ;  the  latter  is  obtained  by  reducing  caustic  soda  with  coal. 
It  used  to  be  practised  at  Wallsend,  near  Newcastle-on-Tyne,  but 
has  been  given  up. 

About  200  lbs.  of  cryolite  and  100  of  salt  were  fused  together  for 
1\  hours  in  a  reverberatoiy  furnace,  and  the  fused  mass  transferred 
to  a  converter,  previously  warmed.  Then  sodium,  in  lumps  of  about 
oh  lbs.  weight,  was  pressed  down  to  the  bottom  of  the  converter, 
by  two  workmen,  with  a  plunger,  until  about  44  lbs.  of  sodium  had 
been  put  in.  The  sodium  decomposed  the  crj^olite,  setting  aluminium 
free  and  forming  sodium  fluoride,  which  passed  for  the  most  part 
into  a  slag,  a  small  quantity  being  given  off  as  white  fumes.  During 
the  action  the  mass,  which  was  syrupy  to  begin  with,  became  quite 
liquid,  and  aluminium  collected  at  the  bottom  of  the  converter. 

Although  the  specific  gravity  of  solid  crj-olite  is  3,  and  that  of 
.solid  aluminium  only  2'7,  molten  aluminium,  nevertheless,  sinks  in 
molten  cryolite,  because  cryolite  expands  very  considerably  in  melting, 
and  so  becomes  lighter,  whereas  aluminium  expands  very  little. 

The  .slag  was  poured  into  a  special  iron  vessel,  and  then  the 
aluminium  into  another,  also  of  iron,  in  which  it  solidified.  From 
40  lbs.  of  sodium,  10  lbs.  of  aluminium  were  obtained.  The  slag  con- 
tained 40  per  cent,  of  sodium  fluoride,  43  per  cent,  of  sodium  chloride, 
15  per  cent,  of  cni'olite,  0"75  per  cent,  of  metallic  aluminium  and  a 
small  quantity  of  alumina.  If  a  metal  free  from  iron  and  silicon  was 
desired,  the  sodium  added  was  only  one-third  of  that  necessary  to 
decompose  the  cryolite.  Then  iron  and  silicon  were  reduced  at  the 
same  time  as  aluminium  and  taken  up  by  the  metal.  The  fused 
mass  was  separated  from  these  metals  by  pouring  it  into  a  second 
converter,  where  metal  with  98  to  99  per  cent,  of  aluminium  was 
obtained  by  the  further  addition  of  sodium. 

The  075  per  cent,  of  the  metal  in  the  slag  Avas  removed  by 
copper,  and  formed  aluminium  bronze.  The  slag  was  then  worked  up 
into  cryolite  and  Glauber's  salt,  by  the  addition  of  aluminium  sulphate. 
The  following  reaction  took  place  : — 

12NaF  -h  A]2(SO,)3  =  AUF^.GNaF  +  SNa.SO^. 
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The  sodium  sulphate  was  washed  (Hit  of  the  fused  mass,  and 
cryolite  remained  as  residue. 

To  make  the  sodium,  Netto  allowed  fused  caustic  soda  to  drop 
on  a  layer  of  red-hot  coke  which  was  at  the  bottom  of  an  upright 
cylindrical  retort  of  cast-iron  or  cast-steel,  covered  by  a  jacket  of 
clay.  Part  of  the  soda  was  reduced  to  sodium  in  the  state  of  vapour, 
the  remainder  forming  sodium  carbonate.  The  vapours  of  sodium 
were  condensed  in  receivers  attached  to  the  upper  part  of  the  retort, 
and  collected  in  a  vessel  containing  oil.  The  sodium  carbonate  in  a 
fluid  state  collected  at  the  bottom  of  the  retort  and  was  removed 
from  time  to  time.  To  produce  1  lb.  of  sodium  and  9  lbs.  of  soda 
slag  containing  60  per  cent,  carbonate,  required  6  lbs.  of  caustic  soda, 
12  of  coke,  1^  of  wood  charcoal,  the  retort  consumption  being  equal 
to  1'2  lbs.  of  cast-iron. 

This  process  of  Netto,  carefully  thought  out  as  described,  cannot 
])ossibly  compete  with  the  electrolytic  method. 

D.  Grabaibs  Process  ^ 

This  consists  in  decomposing  aluminium  fluoride  (AlgFg)  with 
sodium  according  to  the  equation : — 

2Al2F^^  -f  6Na  =  2A1  +  ^\.Jq,Q,  NaF. 

Thus  besides  the  metal  an  artificial  cryolite  is  obtained  which  is 
used  to  make  aluminium  fluoride.  This  is  made  from  aluminium 
sulphate,  cryolite  and  fluorspar.  A  solution  of  aluminium  sulphate 
(A12(S0J3)  is  warmed  with  powdered  fluorspar,  and  thus  gypsum 
is  formed  b}^  part  of  the  sulphuric  acid  with  its  equivalent  quantity 
of  calcium,  while  the  other  part  is  united  with  the  fluorspar  forming 
an  aluminium  sulphate  and  fluoride.  This  takes  place  according  to 
the  following  equation  : — 

Al2(SO,)3  +  2CaF,  =  AI,F,SO,  +  2CaS0,. 

The  solution  is  evaporated  down  to  a  pasty  consistency  after 
separating  the  gypsum  and  undecomposed  fluorspar,  and  then  mixed 
with  enough  cryolite  to  enable  the  whole  of  the  sulphuric  acid  to 
combine  with  the  sodium : — 

3AI2F4SO,  -f-  Al2F6.6NaF  =  4Al.Fe  -|-  SNa.SO^. 

After  drying  and  igniting  the  whole,  the  sodium  sulphate  is  washed 
out  and  the  residue  of  aluminium  fluoride  is  ready  for  the  metal- 
lurgical process.    This  compound  is  therefore  continually  regenerated, 

1  Genuau  patents,  Nos.  47,031,  48,535,  51,898. 
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while  new  supplies  of  aluminium  sulphate,  fluorspar,  and  sodium  are 
needed. 

At  the  beginning  native  cryolite  must  be  used  instead  of  the 
artificial  compound  yielded  in  the  process,  although  this  mineral  is 
always  rendered  impure  by  spathic  iron  ore  and  silica.  The  alumi- 
nium fluonde  is  heated  before  the  process  begins,  but  not  to  fusion  • 
the  sodium  is  fused  beforehand. 

The  arrangements  for  carrying  out  this  process  are  to  be  seen  in 
l^igs.  346  and  347.i  :c  and  y  are  vessels  for  the  heating  of  the 
substances  used.  They  are  made  of  cast-iron  and  lined  with 
burnt  hre-clay.  In  x  the  aluminium  fluoride  is  warmed  in  y  the 
sodium  is  melted,  x  is  closed  by  a  sliding  piece  v  at  its  lower  end 
y  has  a  stopcock  t     R  is  the  fire-place,  Z,  Z  are  the  flues    W  the 


Fig.  346. 


Fio.  347. 


lower  part  of  the  chimney.  J/  is  the  vessel  for  the  reduction,  hung 
on  trunnions.  It  is  formed  of  hollow  iron  walls  cooled  by  water  which 
passes  in  and  out  by  the  tubes  g,  g.  N  is  the  vessel  which  receives 
the  molten  mass  after  the  action,  and  is  likewise  jacketed  -w^ith  water 
which  flows  in  and  out  at  g',  g' . 

When  the  process  is  started,  x  is  filled  with  aluminium  fluoride 
(or  cryolite  if  it  is  an  initial  jji-ocess)  and  y  with  sodium.  When  the 
fluoride  is  red-hot  (which  will  be  known  by  its  giving  off  white 
fumes),  the  sodium  is  tapped  by  turning  the  stop-cock  t  into  the 
vessel  M.  Then  the  slide  v  is  drawn  out  and  the  powdered  fluoride 
falls  also  into  the  vessel,  where  it  collects  upon  and  covers  the  molten 
sodium.  The  action  which  at  once  begins,  disengages  so  much  heat 
that  the  fluoride  is  melted.  The  length  of  time  needed  is  only  some 
seconds.  Aluminium  collects  at  the  bottom  of  the  pot.  This  is 
tipped  up  and  its  fluid  contents  emptied  into  the  receiver  X. 

In  this  method  more  than  90  per  cent,  of  the  sodium  is  made  use 
^  Dammer,  Chem.  Technologit.     Vol.  ii.  (Melallnryie),  p.  217. 
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of.     It    is    made    electrolytically    from    common    salt,   and    chlorine 
obtained  as  a  by-product.^ 

The  process  has  not  been  an  economic  success,  in  spite  of  the 
fact  that  it  is  well  thought  out,  and  is  the  best  of  all  those  for  which 
sodium  is  necessary,  on  account  of  the  low  cost  of  production  of  that 
metal. 

BeketofF^  used  magnesium  instead  of  sodium  for  the  extraction  of 
aluminium  from  cryolite.  This  process  was  carried  on  for  some  time 
in  certain  works,  e.g.  in  Hemelingen,  but  has  been  abandoned. 

2.    THE  ELECTROMETALLURGICAL  PRODUCTION  OF   ALUMINIUM 

This  has  not  been  possible  hitherto  with  aqueous  solutions,  for 
only  hydrates  of  alumina  are  obtained  by  the  electrolysis  of 
solutions  of  its  salts  in  water,  or  in  any  solvent  containing  hydrogen 
and  oxygen. 

In  the  present  state  of  technological  knowledge,  aluminium 
must  be  obtained  by  electrolysing  fused  compounds.  The  first 
experiment  of  the  kind  was  made  by  Bunsen  and  Deville  in  1854. 

Bunsen  decomposed  aluminium-sodium  chloride,  fused  at  200°C., 
in  a  porcelain  crucible.  This  was  divided  into  two  parts  by  a  porcelain 
partition  extending  nearly  to  the  bottom,  and  each  part  contained  a 
carbon  electrode.  The  carbon  plate  forming  the  anode  was  plain, 
but  that  forming  the  cathode  was  concave  and  had  horizontal 
saw-like  depressions  in  which  the  molten  metal  collected.  At  a  low 
temperature  aluminium  separated  as  powder.  To  avoid  this  undesir- 
able result  the  temperature  was  raised  to  that  of  the  melting  point 
of  silver,  and  common  salt  was  introduced  into  the  crucible. 

Buttons  of  aluminium  were  then  obtained  in  these  depressions, 
they  were  put  into  strongly  heated  molten  salt,  where  they  united. 

Deville  decomposed  the  double  chloride  of  aluminium  and  sodium 
similarly,  using  however  a  platinum  cathode  instead  of  carbon.  His 
apparatus  is  shown  in  Fig.  348.-^ 

^  is  a  Hessian  crucible  in  which  is  placed  a  porcelain  one  P.  D. 
is  the  cover,  through  which  passes  the  cathode  K,  a  strip  of  platinum. 
The  cover  is  also  pierced  by  a  porous  clay  cell  B,  which  contains  the 
anode  A,  a  piece  of  gas-coke,  hanging  in  it.  The  crucible  and  the 
porous  cell  were  filled  to  the  same  level  with  the  fused  double 
chloride,  and  then  the  current  was  passed.     Aluminium  mixed  with 

i  German  patent.  No.  51,898,  8  Oct.,  1889. 

-  Jahreshericht  der  Cheniie,  1865. 

*  Borchers,  Elektrometallurgie,  p.  114. 
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salt  formed  a  deposit  on  the  cathode,  and  was  removed  from  time  to 
time  by  lifting  the  strip  of  platinum  out  of  the  crucible.  The 
mixture  of  metal  and  salt  was  remelted  and  a  button  obtained. 

Attempts  to  manufacture  aluminium  upon  these  lines  were  beset 
by  insuperable  obstacles.  No  material  could  be  found  suitable  for 
making  vessels  for  fusing  and  electrolysing,  for  all  that  were  tried 
were  acted  on  by  the  fused  haloid  salts,  or  by  the  metal  itself,  at  the 
high  temperature,  and  impure  aluminium  resulted.^  Crucibles  of 
siliceous  material  caused  silicon  to  pass  into  the  aluminium.  Clay 
and  graphite  were  attacked  by  the  double  chloride.  Compressed  coke 
crucibles  were  so  porous  that  they  could  not  be  heated  unless  sur- 


rounded by  thick  jackets.  Metals  could  not  stand  the  temperature, 
they  were  attacked  by  their  molten  contents,  and  thus  alloyed  with 
the  aluminium.  Further,  carbon  was  not  suitable  as  the  cathode 
material.  According  to  Borchers-  the  cohesion  of  the  particles  of 
carbon,  in  the  cathode  and  crucible,  was  so  loosened  by  the  pene- 
tration of  the  metal  into  the  pores  that  it  appeared  as  though  in  a 
state  of  fusion. 

Thus  we  find  that  none  of  those  electrolytic  processes  were 
successful  that  depended  on  heating  vessels  from  outside  while  they 
contained  aluminium  compounds  to  be  electrolysed  in  the  fused 
state.  They  can  now  be  passed  over.  The  one  thing  to  be  done  to 
make  a  process  possible  was  to  generate  the  heat  Avithin  the  vessels, 

'  Borchers,  ElektromefaUitrgie,  p.  115. 
-  Borchers,  loc.  rit. 
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by  means  of  an  electric  current.  (Very  recently,  a  proposal  has  been 
made  to  electrolyse  aluminium  sulphide,  dissolved  in  potassium  or 
sodium  chloride,  and  fused  by  external  heat :  it  appears  that  elec- 
trolysis is  thus  possible.) 

The  production  of  heat  by  the  current  itself  may  be  effected  by 
allowing  an  electric  arc  to  be  formed  within  the  containing  vessels,  or 
by  placing  the  materials  to  be  fused  and  decomposed  as  resisting 
media  in  the  circuit.  The  latter  method  has  proved  far  more 
profitable  than  producing  an  electric  arc.  This,  even  when  weak,  has 
a  far  higher  temperature  than  is  necessary  to  fuse  and  keep  liquid 
aluminium  compounds,  so  that  a  great  part  of  the  heat  produced  is 
wasted.  Further,  its  effect  is  concentrated  into  so  small  a  space  that 
it  becomes  difficult  to  heat  a  large  quantity  of  the  aluminium 
compound  at  all  evenly. 

These  objections  do  not  apply  to  the  generation  of  heat  by  the 
resistance  of  aluminium  compounds  in  the  circuit.  The  heat 
developed  by  the  resistance  of  these  in  the  fused  condition  is  great 
enough  to  fuse,  and  keep  liquid,  substances  of  high  melting  point, 
if  a  suitable  current  is  employed.  Moreover  the  electrolyte  will 
become  heated  uniformly,  even  though  the  electrodes  dipping  into  the 
fused  material  possess  a  smaller  area  than  the  section  of  the  cell. 
This  second  method  of  heating  is  consequently  chiefly  employed  at 
present. 

It  was  first  applied  to  the  production  of  alloys  of  aluminium  from 
its  fused  compounds,  and  so  used  by  the  brothers  Cowles  as  early  as 
1884,  and  in  1887  by  Heroult. 

Cowles  Brothers  led  the  current  through  a  mixture  of  alumina 
and  coal,  while  Heroult  melted  alumina  alone  and  electrolysed  it, 
without  coal.  In  both  cases  aluminium  was  separated  and  alloyed 
with  copper. 

Cowles'  process  is  described  under  Aluminium  Alloys.  It  has 
led,  as  already  stated,  to  a  diversity  of  opinion  as  to  whether  the 
action  of  the  current  is  purely  electrothermic  or  also  electrolytic  : 
whether  alumina  is  decomposed  by  the  carbon  with  which  it  is 
mixed,  or  split  up  into  aluminium  and  oxygen  by  the  current.  The 
inventor  himself  considers  that  neither  of  these  processes  takes  place 
exactly,  but  that  the  alumina  dissociates  at  the  high  temperature, 
and  that  the  dissociation  is  assisted  and  rendered  permanent  by  the 
carbon  present. 

In  Heroult's  process,  in  which  carbon  anodes  are  used,  with  fused 
metal  cathodes  (which  alloy  themselves  with  aluminium),  an  un- 
doubted electrolytic  decomposition  of  the  alumina  must  take  place, 
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the  compound  being  first  fused  by  the  current.  In  his  description 
of  his  patent  he  lays  stress  on  the  electrolytic  action.^ 

Although  Heroult's  apparatus  is  used  only  for  the  production  of 
alloys  it  certainly  led  the  way  for  the  preparation  of  pure  aluminium ; 
it  therefore  deserves  a  full  description  here.  Its  arrangement  is 
shown  in  Figs.  349,  350.2 

The  vessel  in  which  the  fusion  and  decomposition  take  place  is  a 


# 


Fic.  3411. 


cast-iron  box,  which  is  provided  with  a  strong  lining  of  carbon  plates. 
These  are  cemented  together  by  tar,  syrup  or  •la'vulose.  To  bring 
this  lining  into  contact  as  close  as  possible  with  the  iron,  the  latter 
is  cast  round  it.  When  cooled  the  metal  firmly  adheres  to  the 
lining.  The  box  itself  is  made  the  negative  terminal  by  the  copper 
screw  a.     The  positive  terminal  consists  of  a  series  of  carbon  plates 

•  French  Patent,  No.  170,003,  April  l.J,  KSST  ;  Belgian  Patent,  No.  77, KM), 
April  16,  1887;  English  Patent,  No.  742G,  May  21,  1887;  (German  Patent,  No. 
47,165,  Dec.  8,  1887  ;  United  States  Patent,  No.  387,876,  Aug.  14,  1888. 

^  Schiveizer  Bmizeitung,  1888,  28. 
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A,  &i,  h.„  etc.,  which  dip  into  the  vessel.  These  plates  are  either  finnly 
attached  to  each  other,  or  the  spaces  loft  between  them  are  filled 
with  a  conducting  body,  co[)per  or  light  coal.  At  the  upper  end  they 
are  held  together  by  the  framework  g,  at  the  middle  by  the  frame- 
work h.  The  former  has  an  eye  e  to  which  a  chain  can  be  fastened, 
and  by  which  the  electrode  can  be  put  into  position  and  raised  and 
lowered  at  will.     The  current  is  led  to  the  framework  h. 

The  box  is  closed  at  the  top  by  graphite  plates,  in  which  are 
various  openings,  i,  n,  m ;  /'  is  the  space  to  admit  the  anode,  ?i  and 
m  are  openings  for  charging  and  to  let  out  gases.  These  have  plates 
for  covers  (o  and  o^)  provided  with  handles.  The  space  between  the 
upper  edges  of  the  box  and  the  graphite  top  is  filled  with  powdered 
wood  charcoal.  A  taphole  c  enters  the  box  at  the  deepest  part  of 
the  bottom,  and  through  this  the  aluminium  alloy  is  tapped  into  the 
mould  t,  lined  with  charcoal,  which  produces  the  alloy  in  the  form 
of  a  rectangular  block.  The  taphole  c  is  closed  with  a  stick  of 
charcoal  c  provided  with  a  handle  d. 

The  working  is  as  follows  :  Finely  divided  copper  is  sprinkled 
on  the  bottom  of  the  vessel,  the  anode  is  dropped  in,  the  circuit 
closed,  and  the  copper  melted  by  the  electric  arc.  The  alumina 
is  placed  on  top  of  this  copper,  which  now  acts  as  the  cathode.  The 
alumina  melts,  becomes  a  conductor,  and  is  consequently  split  u]) 
by  the  current  into  aluminium  and  oxygen.  The  former  passes  into 
the  copper  and  forms  aluminium  bronze,  while  oxygen  goes  to  the 
anode  and  forms  carbon  monoxide  with  the  carbon.  This  gas  passes 
away  through  the  openings.  The  alloy  is  tapped  out  from  time  to 
time,  and  the  anode  at  the  same  time  lifted  out,  while  copper  and 
alumina  are  added  when  necessary.  The  anode  can  be  raised  or 
lowered  according  to  the  resistance  wanted. 

The  current  used  is  18,000  amperes  working  with  a  difference 
of  potential  of  12  to  15  volts. 

The  quantities  of  aluminium  separating  from  the  alumina  during 
the  process  appear  to  correspond  to  the  formulas  AlgOa,  Al^Og,  or 
AlO.  Therefore  if  the  process  is  merel}-  electrolytic  it  must  be 
assumed  that  at  the  temperature  at  which  the  action  takes  place  (a 
bluish-white  heat),  aluminium  is  combined  with  a  smaller  proportion 
of  oxygen  than  it  is  in  alumina. 

Pure  aluminium  has  been  made  recently  with  a  similar  apparatus 
by  using  a  suitable  solvent  for  alumina,  a  speciall}'  adapted  electrolyte, 
and  a  suitable  cathode. 

The  materials  used  have  been  aluminium  oxide  dissolved  in 
molten  chlorides  of  the  alkalies  or  alkaline  earths,  or  in  aluminium 
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chloride  itself;  molten  mixtures  of  aluinininm  fluoride  or  oxyfluoride 
with  alkaline  carbonates,  and  also  aluminium  sulphide  dissolved  in 
alkaline  chlorides. 

At  present  the  exact  method  of  producing  aluminium  on  the 
large  scale,  as  well  as  the  apparatus  and  the  economic  results,  are 
kept  entirely  secret.  The  author  has  therefore  been  compelled  to 
rely  only  upon  data  obtained  from  technical  literature  and  the 
patent  publications,  and  to  select  his  material  most  carefully. 

A.  Prodiidion  of  Aluminium  from  Solutions  of  Alumincc  in  Haloid 
Salts  of  the  Alkalies,  or  of  the  Alkaline  Earths,  or  of  Aluminium 
itself 

This  process  is  carried  on  like  Heroult's,  already  described. 
Alumina  is  liquefied  by  the  action  of  the  current,  and  dissolves  in 
the  molten  chlorides.  It  is  then  decomposed  by  the  current  into 
aluminium  and  oxygen.  Aluminium  collects  on  the  cooled  metal 
forming  the  cathode,  and  oxygen  forms  carbon  monoxide  with  the 
carbon  of  the  anode.  As  the  aluminium  collects,  fresh  alumina  is 
added. 

To  obtain  pure  metal  it  is  necessary  to  begin  with  pure  alumina. 
This  is  generally  obtained  from  bauxite,  which  always  contains  ferric 
oxide  and  silica.  It  is  ignited  with  soda,  and  the  sodium  aluminate 
leached  out  with  water,  which  leaves  these  and  other  impurities 
behind  in  the  residue.  By  leading  carbon  dioxide  through  the  solu- 
tion, aluminium  hydrate  is  precipitated  and  sodium  carbonate  formed 
again  in  the  solution.  The  hydrate  is  converted  into  alumina  by 
heating. 

Alumina  can  also  be  obtained  by  heating  aluminium  sulphate 
until  the  sulphuric  acid  has  been  completely  driven  off. 

Borchers^  describes  the  following  apparatus  for  making  pure 
aluminium  in  the  method  stated  above.  The  vessels  are  flat  iron 
cylinders,  open  above,  with  linings  of  some  difficultly  fusible  and 
pure  aluminium  compound.  The  anodes  are  carbon  plates  fastened 
together,  the  cathodes  are  of  metal  passing  through  the  bottom  of  the 
vessel,  and  easily  kept  cool.  The  walls  of  the  vessel  are  cooled  in 
order  that  the  lining  shall  not  be  attacked.  The  process  is  con- 
tinuous, as  the  whole  amount  of  aluminium  present  is  kept  constant 
by  the  regular  addition  of  alumina  as  the  metal  separates.  A  very 
strong  current  is  necessary  to  fuse  the  alumina  and  keep  it  liquid 
(about    2,300   amperes  per  square  foot    of  cathode  surface).      The 

'  Elektrometallurfjie,  p.  153. 
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temperature  of  the  electrolyte  is  not  allowed  to  rise  higher  than 
necessary,  so  as  to  prevent  the  aluminium  being  oxidised  to  some 
lower  oxide  and  passing  back  into  the  solution,  and  also  to  prevent 
the  reduction  and  volatilisation  of  the  alkali  metals. 

The  apparatus  in  Fig.  351   is  one  described  byBorchers^  and 
used  for  experimental  purposes,  in  which  it  gave  good  results.     T  is 


Fig.  351. 


the  cylindrical  vessel  for  fusing  and  electrolysing.  The  sides  are 
made  of  iron,  the  bottom  of  powdered  clay,  i^is  the  lining  com- 
posed of  alumina  or  some  specially  infusible  aluminium  compound. 
The  cathode  is  the  steel  plate  K,  in  the  lining  of  the  bottom.  This 
is  protected  from  fusion  by  the  cooling  tube  of  copper  B  in  which 
water  circulates ;  it  is  screwed  up  to  the  plate.  Cold  water  enters  at 
the  tube  E,  ascends  in  B,  passes  into  the  tube  X  and  out  at  the 
bottom,  warmed.  The  negative  terminal  N  is  clamped  to  B  by  the 
^  Borchers,  p.  147,  Fig.  86. 
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screw  V,  li  being  in  good  connection  with  the  steel  plate  K.  A  is 
the  anode,  made  of  carbon.  It  is  attached  by  an  iron  clamp  to  an 
iron  rod  screwed  tight  into  an  iron  plate  If.  The  current  enters  by 
the  copper  rod  F  which  is  attached  to  the  iron  rod  with  a  copper 
socket.  The  vessel  is  insulated  from  this  by  the  fireclay  layer  J. 
The  aluminium  is  tapped  out  fi'om  time  to  time  through  the  hole  >S' 
into  the  mould  G-,  while  gases  formed  in  the  process  escape  through 
openings  made  in  the  cover  D. 

The  lining  of  the  apparatus  is  not  attacked,  as  it  is  kept  cool  by 
the  walls  being  in  contact  with  the  air.  If  there  is  a  lengthy  experi- 
ment with  strong  current  the  walls  are  further  cooled  by  water,  and 
freezing  materials  laid  round  the  vessel  or  introduced  into  the  lining. 

In  charging  the  apparatus  a  small  quantity  of  aluminium  is  first 
placed  on  the  bottom  and  then  fused  by  letting  the  anode  approach 
the  cathode ;  this  aluminium  now  forms  the  cathode.  The  electrolytes 
are  now  introduced.  These  fuse  and  form  a  liquid  layer  separating 
the  two  electrodes,  and  aluminium  and  oxygen  are  generated  in  the 
layer.  As  the  alumina  is  used  up  more  is  added  with  a  corresponding 
amount  of  solvent. 

Fig.  352  ^  shows  an  apparatus  described  by  Kiliani,-  with  an 
anode  which  can  be  rotated.  The  vessel  h,  for  fusing  and  electro- 
lysing, is  carried  on  pillars  a,  e  is  the  anode  attached  to  a  spindle/. 
The  spindle  has  annular  teeth  which  fit  into  the  toothed-wheel  g. 
This  can  be  moved  by  the  hand-wheel  h  ^  and  the  spiral  screw  h  h^, 
and  the  anode  thus  raised  or  lowered.  The  rotating  of  the  anode  is 
effected  by  the  spiral  screw  i  and  the  corresponding  wheel  k  keyed 
on  to  the  spindle.  The  positive  current  flows  through  brushes  into 
the  spindle  and  thence  to  the  anode,  while  the  rod  c  forms  the 
negative  connection.  During  electrolysis  the  anode  is  quickly 
rotated  in  the  electrolyte  into  which  it  dips.  No  information  is 
given  about  the  lining  of  the  ve.ssel,  or  the  metallic  pole  serving  as 
cathode. 

Charles  Hall's'^  ^^I'ocess  consists  in  subjecting  a  solution  of 
alumina  in  molten  cryolite  to  electrolysis.  Hall  concludes  that  the 
alumina  is  electrolysed,  as  the  fluorides  remain  unaltered.*  The 
details  of  the  process  are  secret.  It  is  not  known  how  far  the  pro- 
cess was  actually  carried  out  in  accordance  with  the  directions  given 
in  the  various  letters  patent.'^     These  documents  have  undergone  an 

'  ]?orchers,  p.  149.  2  German  Patent,  No.  50,508,  April  21,  1889. 

3  Mineral  Industry,  1893,  p.  7. 
*  Journal  of  the  Frankland  Inst.,  vol.  98,  319,  .391. 

■"'  American   Patents,    Nos.  400,766,    40(),ii64,   April  2,    1889,  and  Nos.   400,665, 
400,OUU,  400,667. 
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exhaustive  criticism  by  Borchers.^  It  is  a  fact  that  the  process  has 
been  adopted  by  the  Pittsbur^^  Reduction  Company,  and  that  in  1894 
this  Company  produced  aluminium  at  the  rate  of  one  ton  per  day.- 
The  Company  proposes  to  utilise  6,500  electric  horse-power  from 
Niagara   Falls  to  prepare  aluminium  in  this  way. 

According  to  recent  statements  by  Dr.  Charles  Hahn,^  a  fused 
mixture  of  cryolite,  fluorspar  and  aluminium  fluoride  is  used  as  the 


Fig.  352. 


solvent,  dissolved  alumina  being  the  electrolyte.  The  vessel  is  of 
cast-iron  lined  with  charcoal.  The  cathode  is  of  carbon,  the  anode 
copper  or  platinum.  The  charge  of  alumina  is  10  to  12  lbs.  The 
mixture  fuses  and  remains  liquid  with  no  other  source  of  heat  than 
the  current.  A  potential  of  5  volts  is  enough  to  overcome  the 
internal  resistance  and  electrolyse  the  alumina  when  external  heat  is 
applied  to  fuse  and  keep  the  mass  in  the  molten  state. 

1  Ehktrometcdlurgie,  p.  136.  -  Mineral  Industry,  1893,  p.  7. 

3  Ehktrometalhirgie    des   Aluminiums    in    Amerika,   Zeitsrhr.     f.   Elfktrotfxhnil-, 
1st  Sept.  1895,  p.  478. 
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This  process  seems  to  yield  50  per  cent,  aluminium  out  of  alumina 
containing  53  per  cent. 

A  process  suggested  by  Joseph  B.  Hall  ^  electrolyses  alumina  in  a 
bath  of  aluminium  chloride  with  sodium  and  lithium  chlorides.  The 
electrolyte  is  supplied  by  the  anode,  which  consists  of  a  mixture  of 
alumina  and  charcoal.  When  the  circuit  is  closed  the  alumina  in  the 
anode  passes  gradually  into  the  liquid  and  is  there  decomposed.  The 
oxygen  set  free  seems  to  oxidise  the  carbon  of  the  anode  to  monoxide. 
The  cell  is  a  vessel  made  of  carbon  or  a  mixture  of  alumina  and 
carbon  with  an  outer  shell  of  iron :  the  separated  metal  collects  on 
the  bottom  and  can  be  removed  from  time  to  time  by  tapping. 

Experiments  made  with  this  process  seem  to  have  been  satis- 
factory. 

Minet's  process  is  to  electrolyse  a  liquid  containing  aluminium 
fluoride  as  single  or  double  salt,  and  to  renew  this  with  alumina  or 
with  bauxite.  He  is  of  the  opinion  that  the  fluoride  is  the  real 
electrolyte,  and  that  the  fluorine  set  free  acts  upon  alumina  to  form 
more  of  this  salt,  so  that  the  liquid  remains  unaltered.  The  first 
experiments  in  this  method  were  made  at  Creil,  Department  of  Oise, 
France,  where  a  fused  mixture  of  40  per  cent,  cryolite  and  60  per 
cent,  salt  was  electrolysed  and  the  liquid  renewed  by  alumina  or 
bauxite. 

Aluminium  sodium  chloride,  Al.,Clg  2XaCl  was  also  experimented 
on,  but  proved  too  volatile,  while  the  double  fluoride  volatilised  only 
slightly  at  the  temperature  necessary  (800°-1000°C.)  and  maintained 
a  convenient  degree  of  fluidity. 

This  method  cannot  be  criticised  as  the  details  are  kept  secret. 
Such  as  are  given  in  the  letters  jiatent^  have  been  exhaustively 
criticised  by  Borchers.^ 

A  process  is  said  to  be  in  use  at  Ste.  Michel,  in  Savoy,  where 
0,000  h.  p.  out  of  an  available  water  power  supply  of  30,000  appear 
at  present  to  be  used.  A  vessel  lined  with  carbon  forms  the  negative 
electrode.  A  thin  covering  of  aluniiiiiuiu  seems  to  form  on  the 
surface  of  this  lining  and  protect  it  from  rapid  action ;  it  is  said  to 
last  20  to  30  days.  The  liquid  is  renewed  at  stated  times  with  a 
charge  consisting  of  48'2  parts  of  aluminium  hydrate  containing 
water,  24"3  parts  of  cryolite,  27'5  parts  of  aluminium  oxyfluoride, 
with  corresponding  quantities  of  common  salt.'* 

^  Enrjineering  and  Mining  Journal,  1895,  p.  581. 

2  English  Patent,  No.  10,057,  1887. 

'  Eleldrometallurgie,  p.  142. 

*  Otsterr.  Zeitschr./.,  Berg,  und  Hutt.,  1893,  p.  4!)1. 
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According  to  Minet/  the  strength  of  current  should  be  1,500 
nniperes,  the  potential  4"55  volts.  To  (jbtain  a  kilogram  of  aluminium 
])er  hour  30'3  h.  p.  should  be  necessary.  But  since  there  is  a  loss  of 
12  percent,  of  energy  in  converting  mechanical  into  electrical  energy, 
this  h.  p.  is  equal  not  to  736  watts  but  to  650  watts ;  consequently 
35'4  h.  p.  should  be  necessary  for  1  kg.  of  aluminium  per  hour. 
According  to  these  numbers  1  h.  p.  per  hour  should  yield  28*2 
grammes  of  aluminium. 

Brand  2  calculated  that  in  this  case  only  58  per  cent,  of  the 
energy  supplied  is  utilised.  According  to  Faraday's  formula 
0"337  grammes  of  aluminium  should  be  obtained  by  a  current  of  1 
ampere  in  an  hour.  Thus  by  theory  there  is  necessary  to  produce 
1  kg  of  aluminium  in  1  hour, 

4-55  volt  X  ^007  ^"^P-  =  "^'^'^  ^'^^^  ^  2967-4  ampkes. 

But  in  })ractice  650  watts  x  354  h.  p.  are  necessary.     Therefore  the 
fraction  of  this  energy  utilised  is — 

4-55  X  2967-4 

=  0-58 


650  X  35-4  h.p. 

According  to  Hampe  this  waste  is  chiefly  due  to  the  fact  that 
part  of  the  aluminium  while  in  the  nascent  state  is  dissolved  by  the 
fluorides. 

Borchers  ^  assumes  as  the  result  of  his  experiments  that  the  elec- 
trolysis of  alumina  in  solution  in  haloid  salts  requires  a  potential  of 
9  to  10  volts,  and  a  current  of  2,300  amperes  per  square  foot  cathode 
surface,  and  that  §  kg  of  metal  is  set  free  for  every  24  electric  h.  p. 
per  hour. 

Taking  the  direct  electrolysis  of  alumina,  and  the  statement 
that  in  Neuhausen  20  grams  aluminium  were  obtained  with  1  h.  p. 
(650  watts)  per  hour.  Brand '^  calculates  the  utilised  energy  as  13-4 
per  cent.  The  remaining  86  "6  per  cent,  seems  to  be  chiefly  con- 
verted into  heat  by  the  resistance  in  the  circuit. 

The  Kleiner-Fiertz^  process  makes  use  of  an  electric  arc  to  fuse  and 
decompose  an  alkaline  double  fluoride  of  aluminium   in  which  alu 
mina  is  dissolved.   The  vessel  containing  the  fused  electrolyte  is  lined 

1  Compfes  Bendus,  110,  1890  ;  342,  1890  ;  231,  121.5,  1891. 

^  Dammer,  Chem.  Techn.,  vol.  iv.,  p.  225. 

*  ElektrometaUur(jie,  p,  152. 

■*  Chem,  Techn.,  loc.  cif. 

5  German  Patent,  No.  42,022,  1886. 
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with  bauxite  or  clay.  The  arrangement  is  to  be  seen  in  Figs.  353, 
354.^  B  is  the  vessel,  filled  with  molten  cryolite,  and  lined  with 
bauxite  or  clay.  A  is  the  anode,  K  the  cathode  ;  both  are  movable. 
The  motion  of  the  anode  is  regulated  by  a  loaded  lever  and  a 
solenoid,  the  latter  being  connected  with  a  piston  dipping  into  a 
liquid  and  limiting  its  motion.     When  the  current  passes  aluminium 


is  deposited  on  the  negative  electrode.  The  electrolyte  is  renewed 
by  taking  alumina  from  the  lining  of  the  vessel. 

It  has  been  already  stated  that  the  use  of  the  electric  arc  is 
costly,  and  that  its  effect  is  contracted  into  a  small  space.  The 
molten  material  easily  forms  crusts  in  contact  with  the  cold  material, 
so  that  it  is  very  difficult  to  ensure  a  regular  action. 

This  method  has  therefore  not  come  into  definite  use. 

1  Borchers,  /.  <:.,  p.  12!l. 
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B.  Frcj^xi ratio II  of  Aluminiuiii  from  a  Fused  Mixture  of  Aluminmm 
Fluoride  or  Oxyfiaoridc  tvith  Alkaline  Carhonatcs 

Grabau^  subjects  to  electrolysis  a  fused  mixture  of  the  fluoride  (or 
oxyfluoride)  with  soda  or  potash,  and  obtains  besides  aluminium  an 
alkaline  fluoride,  or  else  cryolite.  The  fusion  and  electrolysis  are  per- 
formed by  the  aid  of  the  electric  arc.  Cryolite  is  first  fused  in  the 
vessel,  and  then  a  mixture  of  aluminium  fluoride  and  soda  introduced. 
The  anode  is  carbon,  the  cathode  a  metal,  preferably  aluminium. 
During  electrolysis  the  metal  separates  at  the  cathode  and  carbon 
dioxide  is  set  free  at  the  anode. .  This  comes  partly  from  the  molten 
material  oxidising  the  anode,  and  partly  from  the  action  of  the  alum- 
inium fluoride  on  the  soda.  Instead  of  the  fluoride,  the  oxyfluoride 
is  sometimes  used,  as  it  is  easily  prepared. 

The  23i'oj)ortion  in  which  either  of  these  is  mixed  with  the 
alkaline  carbonate  depends  upon  whether  sodium  fluoride  or 
cryolite  is  desired  as  a  by-product.  When  the  fluoride  is  employed, 
and  sodium  fluoride  formed,  the  action  is  as  follows:  — 

2  AI,F,  +  6  Na,C0o-f-3  C  (Anode)  =  4  A1-M2  NaF  +  9  CO,, 

but  if  cryolite  is  to  be  the  by-product  the  action  must  be  : — 

■4  ALF,  +  6  Na,C03  +  3  C  =  4  Al  +  2(Al,Fg.  6  NaF)  +  9  CO,. 

When  the  oxyfluoride  is  used,  and  sodium  fluoride  is  to  be  the 
secondary  product,  the  action  should  be  according  to  the  equation : — • 

2  AU0F,-h4  Na,C03  +  3  C  =  4  Al  +  8  NaF  +  7  CO., 

while  to  give  cryolite  the  action  should  be  : — - 

3  Al,OF,-f  3Na,C03-^3  C  =  4  Al  +  AUF^.  6  NaF4-6  CO,. 

Borchers"  considers  it  probable  that  the  lively  evolution  of 
carbonic  acid  noticed  when  the  mixture  of  aluminium  fluorides  and 
alkaline  carbonates  is  fused,  takes  place  according  to  this  equation: — 

Al,F,-h3  Na,C03  =  Al,03  +  6  XaF-f-3C0,. 

According   to    this  the  electrolyte  is  oxide  of  aluminium  dissolved 
in  alkaline  fluorides. 

The  advantages  of  this  process  are  the  purity  of  the  aluminium, 

1  German  Patent,  No.  62,851,  1891. 
-  Elt]dromttal.Inr(jit,  p.  150. 
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as  the  material  is  easily  prepared  free  from  iron  and  silica,  and  the 
production  of  cryolite  as  a  by-product. 

According  to  Borchers^  the  employment  of  the  electric  arc  is 
subject  to  the  same  drawbacks  as  stated  for  the  Kleiner-Fiertz 
process. 

The  process,  which  answers  well  on  a  small  scale,  is  reported  to  be 
used  at  Trotha  near  Halle.  Up  to  the  present  no  aluminium  has 
been  sent  from  there  into  the  market. 

To  obtain  j)ure  aluminium  fluoride,  which  is  absolutely  necessary 
for  pure  aluminium,  as  well  as  to  obtain  it  merely  free  from  iron, 
Grabau  has  devised  special  processes. 

To  make  the  j^m'e  compound,"  powdered  calcined  clay,  as  free  as 
possible  from  iron,  is  taken,  and  treated  in  slight  excess  A\4th  hydro- 
fluoric acid  of  12  j^er  cent,  strength,  or  with  correspondingly  stronger 
hydrofluosilicic  acid.  When  hydrofluoric  acid  is  used,  the  temperature 
must  be  kept  down  to  95°,  but  if  the  other  acid  is  used,  the  action 
must  be  assisted  by  heating. 

The  mass  becomes  neutral  in  a  few  minutes,  after  which  the 
liquid,  consisting  of  aluminium  fluoride,  is  filtered  at  a  medium 
temperature  from  the  residue,  which  is  hydrated  silica  and  undecom- 
posed  clay.  The  residue  is  washed  with  hot  water,  which  removes 
any  aluminium  fluoride  remaining.  In  this  way  90  per  cent,  of  the 
hydrofluoric  acid  added  seems  to  be  used  to  form  the  aluminium 
fluoride.^ 

To  obtain  this  fluoride  merely  free  from  iron,^  a  solution  of  it 
is  treated  first  with  sulphuretted  hydrogen  to  remove  lead,  arsenic, 
and  other  metals,  and  to  reduce  ferric  salts  present  to  ferrous.  This 
reduction  is  necessary,  as  otherwise  ferric  fluoride  is  found  in  the 
crystals  of  aluminium  fluoride  obtained.  The  liquid,  filtered  from 
the  residue,  is  acidified  to  j^revent  the  precipitation  of  traces  of  iron 
sulphide  in  the  cooling  which  follows,  and  then  cooled  in  vessels 
made  of  sheet  aluminium.  Here  hydrated  cr^'Stals  of  aluminium 
fluoride  separate  out  (AlgFg.lSHoO).  The  crystallisation  is  concluded 
as  soon  as  the  temperature,  which  rose  at  the  beginning,  has  been 
brought  down  to  0°  by  continued  cooling.  The  whole  is  separated 
into  mother  liquor  and  crystals  in  centrifugal  i)ans,  and  the  crystals 
are  washed  with  ice-cold  water. 

^  Eltkt romttaU iiryit,  p.  13U. 

2  German  Patent,  No.  69,791. 

^  German  Patent,  No.  70,155. 

*  Zeit^chr.fiir  Au'jew.  Chemit.,  1893,  p.  402. 
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C.  Prejparation  of  Aluminium  from  Fused  Mixtures  of  Ahiminiuin 
Sulphide  and  Alkaline  Chlorides 

The  preparation  of  the  metal  from  its  sulphide  is  said  to  be 
practised  at  the  present  time  at  Neuhausen  in  Switzerland,  and 
has  been  proposed  by  Bucherer  in  Cleveland,  and  also  by  the 
Aluminium-Industrie- Actien-Gesellschaft  in  Neuhausen. 

Bucherer,  in  Cleveland,  Ohio,  U.S.A.,^  uses  aluminium  sulphide 
in  the  form  of  double  sulphide  with  an  alkali  or  alkaline  earth. 
This  is  subjected  to  electrolysis  in  a  bath  of  molten  chloride  or 
fluoride  of  alkali  or  alkaline  earth,  or  of  a  mixture  of  them.  Sodium 
or  potassium  chloride,  or  the  two  mixed,  is  found  to  be  the  best 
solvent.  The  double  sulphide  is  made  more  cheaply  and  easily 
than  aluminium  sulphide  alone,  and  yields  a  pure  metal  when 
electrolysed  aluminium  being  separated  at  the  cathode  by  a  current 
of  low  potential. 

The  double  sulphide  is  prepared  by  Bucherer,  by  heating  alumi- 
nium oxide  or  hydrate  with  the  sulphide  or  polysulphide  of  an  alkali 
or  alkaline  earth,  and  excess  of  sulphur  and  coal.  The  action  is  as 
follows  : — 

SNa^S  +  AiPg  +  3C  +  3S  =  Na^AUSg  +  SCO. 

He  proposes  to  make  pure  aluminium  sulphide  by  the  slow  action 
of  suli)hur  vapour  on  a  mixture  of  alumina  and  coal  heated  to  white 
heat  in  a  clay  retort.     The  action  would  then  be : — 

ALO3  +  3C  +  3S  =  SCO  +  AL^Sg. 

The  process  of  the  Aluminium-Industrie  Co.,  in  Neuhausen,^ 
consists  in  electrolysing  the  sulphide  Al.jSj  alone  or  in  a  bath  of 
alkaline  or  alkaline-earthy  chloride,  or  fluoride.  The  electrolyte  may  be 
fused  and  maintained  liquid  with  the  help  of  external  heat,  or  by  the 
current  alone.  If  the  solution  of  aluminium  sulphide  in  sodium  or 
potassium  chloride  is  first  fused  in  a  vessel  heated  from  without,  and 
then  kept  fluid  during  the  electrolysis,  a  current  with  a  potential  of 
2"o  to  S  volts  will  be  enough  to  electrolyse  the  sulphide,  but  if  the 
solution  is  fused  and  kept  fluid  by  the  current  alone,  a  potential 
of  5  volts  will  be  necessary. 

The  process  seems  to  be  best  carried  on  in  a  vessel  of  cast  or  wi-ought 
iron,  which  is  lined  with  charcoal.  Aluminium  appears  at  the 
cathode,  sulphur  at  the  anode.     The  liquid  itself  generally  prevents 

1  German  Patent,  No.  63,99-),  Nov.  18,  1890. 
-  German  Patent,  No.  68,909. 
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the  oxidation  of  the  sulphide  ;  if  it  is  desired  to  secure  this  further, 
reducing  gases  are  passed  over  the  fused  mass.. 

In  this  process  the  lining  of  the  vessel  is  not  attacked,  nor  the 
carbon  electrodes  dipping  into  the  molten  electrolyte,  because  the 
temperature  of  the  bath  is  not  high  enough  for  the  sulphur  set  free 
to  combine  with  carbon.     Consequently  the  aluminium  is  very  pure. 

Further  advantages  in  the  method  may  be  pointed  out : — the 
comparatively  small  strength  of  current  needed,  the  prevention  of 
short  circuiting,  as  aluminium  is  heavier  than  the  liquid,  and  sinks 
quickly  to  the  bottom,  and  the  possibility  of  collecting  the  sulphur 
fumes  at  the  anode,  and  utilising  them. 

The  details  of  the  process  are  secret. 

The  works  at  Neuhausen  noAv  turn  out  2  tons  of  aluminium  daily 
with  the  use  of  5,000  h.p.  The  process  by  means  of  direct  reduction 
of  alumina  seems  to  have  been  given  up. 

Borchers'  objection  to  the  method  is  that  the  preparation  of  the 
sulphide  as  performed  at  present  is  too  costly,  for  it  requires  pure 
alumina  which  can  itself  be  directly  electrolysed  to  give  aluminium. 
Further,  its  production  by  heating  alumina,  charcoal  and  sulphur 
requires  a  great  consumption  of  fuel. 

With  a  considerable  lowering  in  the  cost  of  production 
of  aluminium  sulphide,  its  electrolysis  would  prove  the  best  process 
of  all  to  obtain  aluminium. 

3.    PREPARATIOX   OF   ALUMINIUM   ALLOYS 

The  process  of  Cowles  Brothers  and  that  of  Heroult  were  used 
on  the  large  scale  to  prepare  the  alloys  directly  imtil  a  short  time 
ago.  But  since  we  are  now  able  to  produce  aluminium  itself  electro- 
metal  lurgically  in  large  quantity,  these  original  processes  are  not  so 
much  used,  as  it  is  more  economical  to  make  the  alloys  by  fusing 
aluminium  with  the  necessary  metal. 

A.  The  Cov:Ics  Brotlurs   Process  ^ 

is  used  in  Cleveland,  Ohio,  U.S.A.,  and  was  published  in  LS84.  It 
consists  in  extracting  aluminium  from  a  mixture  of  alumina  and 
charcoal  by  an  electric  current,  and  alloying  this  with  another  metal 
the  moment  it  is  reduced.  The  current  produces  the  heat  necessary 
to  reduce  aluminium,  because  of  the  resistance  of  the  mixture  of 
alumina  and  charcoal.  We  have  already  referred  to  the  different 
views  taken  as  to  the  real  nature  of  the  action.     Borchers  believes 

^  United  States  Patent,  No.  .SlitTSI.l. 
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that  the  high  temperature  causes  the  alumina  and  carbon  to  react, 
others  bolievo  that  the  current  electrolyses  alumina  into  its  elements. 
Cowles  Brothers  do  not  agree  with  either  view,  but  hold  that  the 
high  temperature  dissociates  alumina  into  its  elements. 

The  arrangement  of  the  Cowles  apparatus  is  shown  in  Figs.  355 
and  350.^  Fig.  355  is  a  longitudinal  and  Fig.  356  a  transverse 
section. 

The  furnace  consists  of  a  box   of  rectang'ular  section   witli   walls 


'■mm'///// ' '//////A/////////// '/ 
mf!m^//////////////?/////////////m-////////. 


and  hearth  made  of  fireclay.  E,  E.  are  the  electrodes.  These  are 
bundles  of  carbon  pencils,  usually  9,  about  \\  inch  thick,  wdiich  are 
jjlaced  in  metallic  cylindrical  cases,  M,  cast  round  them.  These 
consist  of  iron  or  copper  according  to  the  alloy  desired.  At  the 
head  of  each  case  is  a  copper  rod  K,  making  connection  with  the 
conductor  L  through  the  copper  clamp  V,  to  which  is  clamped 
on  one  side  the  conically  pointed  end  of  the  copper  rod,  and  to 
the    other,    the  end    of  the    wire    L.      E    represents    the    inclined 

1  Borchers,  EhktrometaUiKjie,  p.  1U2  ;  Industrie'-:,  vol.  cxv. ,  1888,  ]}.  '237. 
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cast-iron  tubes,  in  which  the  electrodes  may  be  moved  forwards  or 
backwards,  by  the  screws  S.  The  carbon  pencils  act  as  resistance 
to  the  current,  become  red-hot,  and  communicate  their  heat  to  the 
charcoal,  alumina  and  metal  around  them.  B  is  the  cover  of  the 
apparatus,  made  of  cast-iron.  The  opening  Fin  this  allows  the  carbon 
monoxide  gas  formed  by  the  oxidation  of  the  charcoal  to  pass  into 
the  tube  T,  which  is  in  communication  with  a  condensing  chamber  to 


Fig.  350. 


arrest  any  alumina  carried  off  by  it.  0  is  the  tap-hule  to  let  the 
molten  alloy  out  into  the  receiver  Jf. 

A  furnace  is  about  5  feet  long :  they  are  built  in  a  block  as  is 
shown  in  Fig.  357.^  This  shows  part  of  the  plant  of  the  "  Cowles 
Syndicate  Co.,"  which  has  now  been  disused  for  a  long  time.  The 
current  was  produced  by  a  Crompton  Dynamo  Machine  of  40  h.  p. ; 
it  had  a  potential  of  GO  volts  and  a  strength  of  6,000  amp. 

The  current  was  conducted  by  copper  wires  to  the  copper  rods 
k  and  k  which  ran  respectively  along  the  front  and  back  of  the 
furnaces.  The  wires  were  attached  to  the  rods  by  copper  clamps  z. 
The  upper  ends  of  these  had  pulleys  which  ran  on  the  copper  rods. 
From  their  lower  ends  ran  a  bundle  of  copper  wires,  w,  which  in 
their  turn  were  connected  with  copper  rods  in  the  way  shown  in  the 
figure. 

1  IiiditMrie.'i,  I.e.  :  Boiohers,  I.e.,  p.  Itin. 
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Only  one  furnace  was  worked  at  once,  the  other's  were  mean- 
while being  cooled,  charged  or  emptied.  The  operations  took  place 
as  follows :  First,  a  layer  of  wood  charcoal  to  the  depth  of  a  hand 
was  spread  out  on  the  bottom  of  the  furnace.  This  is  previously 
soaked  in  milk  of  lime  and  dried  to  prevent  its  agglomeration. 
Then  the  electrodes  were  put  in  place.  Next  a  frame  made  of  iron 
plate  is  introduced,  and  the  space  within  it  filled  with  a  mixture  of 
alumina  (bauxite,  corundum  or  emery),  wood  charcoal  and  the  metal 
with  which  the  alloy  is  to  be  made.  These  substances  are  all  finely 
divided.  (The  metal  is  sometimes  not  finely  divided  but  in  the  form 
of  rods  which  are  arranged  in  the  furnace  either  cross-wise,  or  per- 
pendicular to  the  long  axis.)  The  space  between  this  iron  frame 
and  the  side  walls  of  the  oven  is  filled  with  a  lining  of  wood  charcoal, 
after  which  the  frame  is  removed.  A  conductor  for  the  current 
through  the  furnace  is  then  formed  by  arranging  pieces  of  retort 
carbon,  and  any  space  remaining  is  filled  with  wood  charcoal ;  the 
cover  is  next  put  on,  and  the  current  started.  The  beginning  of  the 
reduction  of  alumina  is  signalled  by  the  appearance  of  a  white  smoke. 
The  aluminium  which  separates  forms  an  alloy  with  the  molten 
metal  which  has  been  put  in;  this  collects  at  the  bottom  of  the 
furnace,  and  is  tapped  out  at  the  end  of  the  operation.  Besides  this 
alloy  a  sort  of  slag  is  formed  which  is  an  intimate  mixture  of  the 
alloy  with  charcoal.  This  is  powdered  and  washed,  and  the  portions 
containing  metal  are  added  to  another  charge.  Carbon  monoxide  is 
formed  from  the  oxygen  of  alumina  and  the  charcoal.  It  passes 
through  an  opening  in  the  cover,  and  through  a  condenser  as  already 
explained. 

The  end  of  the  process  is  known  by  the  cessation  of  the  white 
smoke.  The  smelting  lasts  about  one  hour.  The  furnace  is  thrown 
out  of  circuit,  and  the  current  at  once  turned  on  in  another  one. 
The  amount  of  aluminium  in  the  alloy  is  15  to  35  per  cent.  This 
may  be  converted  into  any  other  percentage  by  melting  it  with 
aluminium  or  the  other  metal,  or  any  new  metal  as  desired.  So, 
for  example,  aluminium  bronze  is  obtained  by  melting  this  alloy  with 
copper  so  that  the  correct  percentage  of  aluminium  is  obtained  (from 
1"25  up  to  10  per  cent.). 

The  strength  of  current  and  horse-power  of  the  dynamo  used  by 
the  "  Cowles  Syndicate  Co."  have  been  already  stated. 

The    amount    of  ferro-aluminium   or  aluminium  bronze  turned 

out  daily  is  750 — 1000  kg.  (15—20  cwt.)  containing  15  to  17  per  cent. 

aluminium.    The  expenditure  of  energy  necessary  to  produce  1  kg.  of 

aluminium  has  been  found  to  be  on  the  average  50  h.  p.  ^    As  it  varies 

^  Borchers,  Elkhtromttallurgie,  p.  101. 
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between  o3"5  and  25,  the  lowest  average  that  can  be  taken  is  40  h.  p.^ 
The  theoretical  energy  needed  for  1  kg.  of  aluminium  in  bronze  is  only 
8'87  h.p.  Thus  the  waste  of  energy  is  very  considerable.  The  reason 
appears  to  be  that  alumina  is  formed  over  again.  The  white  smoke 
seen  in  the  process  seems  to  be  newly  formed  alumina,  formed  by 
the  reaction  of  aluminium  vapour  and  carbon  monoxide  in  the 
cooler  part   of  the   furnace. 

At  the  Cowles  Brothers'  Works  at  Lockport  in  the  State  of  New 
York,  water-power  to  the  extent  of  1,200  h.p.  is  at  their  disposal ; 
and  from  2  to  3  tons  of  aluminium  bronze  are  said  to  be  daily 
produced.  The  walls  of  the  vessel  are  lined  with  wood-charcoal, 
mixed  with  chalk,  because  otherwise  the  charcoal  might  be  converted 
into  graphite  while  the  current  passes,  and  graphite  is  a  good 
conductor  of  heat  and  electricity. - 

B.  Heroult's  Process 

In  this  process  alumina  is  not  only  fused  by  an  electric  current, 
but  decomposed,  and  the  aluminium  alloj-ed  with  another  metal  at 
the  moment  it  is  set  free.  The  second  metal  in  molten  condition 
forms  the  cathode,  the  anode  is  a  bundle  of  carbon  pencils.  Alumina, 
fused  by  the  current,  forms  the  electrohte.  This  process  and  its 
apparatus  were  described  on  p.  648. 

The  method  was  originally  used,  and  is  still,  in  improved  form,  at 
the  works  of  the  Aluminium-Industrie-Actien-Gesellschaft  at  Xeu- 
hausen  in  Smtzerland.  The  power  necessar}-  to  drive  the  dynamos 
is  obtained  from  the  falls  of  the  Rhine,  which  work  two  turbines  of 
GOO  h.  p.,  one  of  300  h.  p.,  and  four  older  ones  of  150  h.  p.  each.  The 
two  large  ones  have  the  electrodynamic  machines  above  them  on  the 
same  axis.  This  pair  of  machines  give,  with  150  turns  to  the  minute, 
a  current  of  14,000  amp.  with  a  potential  of  30  volt.  This  is  sufficient 
to  reduce  alumina.  The  dynamo  which  is  worked  by  the  300  h.  p. 
turbine  is  used  to  produce  a  magnetic  field  with  24  poles,  and  this 
supjjlies  the  lighting  as  well  as  working  various  other  machines.  The 
other  turbines  provide  additional  power  when  required. 

With  these  arrangements  three  tons  of  aluminium  bronze  with 
10  per  cent,  of  aluminium  can  be  produced  daily. 

'  Dammer,  Ckem.  Techn.,  vol.  ii.,  \).  222. 

*  Dr.  Charles  v.  Halin.  Ztitschr.  J'itr  Elektrotechnik,  1895,  p.  479. 
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Aachex,  see  Stolberg 

Abertham,  Bohemia,  dressing  of  tin- 
stone at,  ii.  392 

Abru(ll)anya,  native  gold  in,  i.  7-57  ; 
amalgamation  in  mortars,  i.  7S9 

Africa,  copper  pyrites  in,  i.  14:  localities 
for  galena,  i.  282 ;  native  gold  in, 
i.  757  ;  gold  prospectors'  pans  used 
in,  i.  7(5U  ;  MacArthur-Forrest  pro- 
cess in,  i.'.S28  et  seq.  ;  zinc  blende 
in,  ii.  l4  ;  calamine  in,  ii.  14  ;  cinna- 
bar deposits  in,  ii.  258 

Aggerthal  copper  works,  the,  i.  152 

Agordo,  Venetian  Alps,  copper  kernel 
I'oasting  in,  i.  36,  37  ;  heap  roasting 
of  copper  tines,  i.  38  ;  Styrian  stall 
roasting  of  copper  ores,  i.  43, 44 ;  Ger- 
man process  of  copper  smelting  at, 
i.  124  ;  impurities  in  refined  copper 
of,  i.  179  ;  heap-roasting  of  copper 
pyrites  for  sulphate,  i.  213  ;  solution 
of  copper  as  sulphate,  i.  230  ;  pre- 
cipitation of  copper  from  cupric 
sulphate,  i.  241,  245  ;  composition 
of  cement  copper,  i.  245 

Aguilas,  Spain,  lead  smelting  at,  i.  394. 

Alabama,  copper  pyrites  in,  i.  14  ;  tin 
deposits  in,  ii.  379  ;  aluminium  in, 
ii.  633 

Alais,  Germany,  extraction  of  antimony 
at,  ii.  460" 

Alaska,  Huntington  gold-amalgamation 
mills  used  in,  i.  774  ;  stamp  amalga- 
mation in,  i.  785,  787  ;  calcination  of 
gold  ore,  i.  808 

Albertville,  Savoy,  Frencli  process  of 
lead  extraction  at,  i.  308 

Alexisbad,  lead-smelting  at,  i.  410  ;  the 
Victor-Friedrichshiilte  near,  refining 
Blicksilber  at,  i.  596 

Algeria,  galena  from,  i.  282  ;  zinc  blende 
in,  ii.  14  ;  calamine  in,  ii.  14  ;  cinna- 
bar deposits  in,  ii.  258  ;  antimony 
in,  ii.   436,  437 

Allagir  basin,  Russia,  zinc  blende  in,  ii. 
14  ;  galena  from,  i.  282 

AUawerdi,  Transcaucasia,  stall-roasting 
in,  i.  39  ;  krummofen  used  at,  i,  96 


AUemant,  France,  amalgam  at,  i.  446 ; 
native  amalgam  at,  ii.  255  ;  arsenic 
at,  ii.  475  ;  nickel  ores  at,  ii.  508  ; 
cobalt  at,  ii.  598 

Almaden,  Spain,  cinnabar  at,  ii.  255, 
256  ;  calomel  at,  ii.  259  ;  transport  of 
mercury  from,  ii.  266  ;  shaft  furnaces 
worked  intermittently,  ii.  267  ;  Bus- 
tamente  furnaces  at,  ii.  268,  269-273  ; 
Idrian  furnaces  at,  ii.  275  ;  shaft 
furnaces  proper,  ii.  315  ;  treatment 
of  mercurial  soot  from,  ii.  332-335 

Almeria,  Spain,  treatment  of  lead  matte 
in,  i.  384,  394  ;  smelting  of  oxidised 
lead  ores  in,  i.  413  ;  calamine  in,  ii. 
14 

Alport,  Devon,  English  process  of  lead 
extraction,  i.  302 

Altai  Alts.,  copper  pyrites  from,  i.  14  ; 
galena  from,  i.  282  ;  crocoitefrom,  i. 
283  ;  Siberian  hearth  used  in,  i.  424  ; 
stromeyei'ite  in,  i.  466  ;  horn  silver 
in,  i.  467  ;  production  of  work-lead 
from  silver  ores,  i.  481  ;  leading 
silver  matte,  i.  487 ;  Augustin  pro- 
cess, i.  709  ;  comjjounds  of  gold  with 
tellurium  in,  i.  758  ;  zinc  blende  in, 
ii.  14  ;  platinum  in,  ii.  617 

Altena,  exti'action  of  nickel  by  electro- 
Ij^sis  at,  ii.  591 ;  composition  of  nickel 
smelted  at,  ii.  594 

Altenau,  calcination  of  copper  matte, 
i.  115,  116  ;  production  of  coarse 
copper  at,  i.  120 ;  comi^osition  of 
spurstein  at,  i.  121  ;  composition  of 
slags  from  concentration  process,  i. 
122;  copper  refining  processes  at,  i. 
1 78  ;  electroly tical  method  of  copper 
extraction,  i.  260 ;  composition  of 
slag  from  smelting  works  at,  i.  347  ; 
Raschette  furnace  at,  i.  352-355, 
370-375  ;  treatment  of  lead  matte  at, 
i.  384  ;  lead  smelting  at,  i.  390,  391  ; 
smelting  lead  matte  at,  i.  405  ;  com- 
bined roasting  and  reduction  and 
iron  I'eduction  process  at,  i.  410 ; 
composition  of  lead  from,  before 
refining,  i.  440 ;  after  refining,  i. 
442  ;  2:)roduction  of  silver-lead  alloys 
in  lead  baths,  i.  473  ;  production  of 
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work  lead  alloys  from  silver  ores,  i. 
475  ;  (lesilverising  by  zinc  method,  i. 
524  ;  liquation  of  zinc  scums,  i.  537  ; 
treatment  of  desilverised  lead,  i. 
538  ;  oxidation  of  zinc  scums  at,  i. 
551  ;  process  of  cupellation  of 
argentiferous  lead,  i.  582,  584  ;  silver 
extraction  process  at,  i.  603-608  ; 
extraction  of  nickel  from  metal- 
lurgical products  at,  ii.  572 

Altenberg,  Aix-la-Chapelle,  hemimor- 
phite  at,  ii.  15  ;  willemite  at,  ii.  15  ; 
burning  of  calamine  in  shaft  fur- 
naces, ii.  22 ;  in  reverberatory 
furnaces,  ii.  26 

Altenberg,  Saxony,  bismuth  at,  ii.  352 ; 
treatment  of  ores  at,  ii.  362  ;  tin  at, 
ii.  379  ;  purification  of  roasted  ores 
at,  ii.  390  ;  furnace  for  smelting  tin- 
stone at,  ii.  401  ;  composition  of  tin 
slags  from,  ii.  407 

Altenwald,  composition  of  tin  slag  from, 
ii.  412  ;  refining  of  tin  at,  ii.  414 

Altwasser,  Hungary,  mercurial  fahlore 
at,  ii.  259 

Alva,  Scotland,  bismuth  at,  ii.  352 

Amador  Co.,  California,  calcination  of 
gold  ores  in,  i.  808-809  ;  chlorination 
of  gold  ores,  i.  817 

America,  Central,  Huntington,  gold 
amalgamation  mills  used  in,  i.  774 

America,  North,  copper  pyrites  in,  i.  14  ; 
chalcocite  from,  i.  14  ;  copper  heap 
roasting  in,  i.  27  ;  hearths  of  rever- 
beratory furnaces,  i.  68,  70-71  ; 
blowers  for  shaft  furnaces  used 
in,  i.  93  ;  forehearths  of  furnaces 
usetl  in,'  i.  94—95;  dead  roasting 
of  copper  matte  in  heaps,  i.  114; 
composition  of  coarse  copper  in, 
i.  118  ;  reverberatory  copper  smelt- 
ing furnaces  used  in,  i.  133-134, 
137  :  English  process  of  copper 
smelting  in,  i.  152;  the  "ton"  in, 
i.  164  :  localities  for  galena,  i.  282  ; 
native  gold  in,  i.  757  ;  localities 
for  zinc  blende,  ii.  14  ;  for  calamine, 
ii.  14  ;  hemimorphite,  ii.  15  :  tire- 
proof  clay  from,  ii.  92 ;  cinnabar 
ileposits  in,  ii.  257-258 ;  localities 
for  bismuth,  ii.  352  ;  platinum  in, 
ii.  617 

America,  South,  native  gold  in,  i.  757  ; 
gold  prospectors'  pans  used  in,  i. 
760 ;  Huntington  mills  used  in,  i. 
774  ;  zinc  blende  in,  ii.  14  ;  cinnabar 
deposits  in,  ii.  258  ;  platinum  in,  ii. 
617 

Annneberg,  zinc  blende  at,  ii.  14 ;  fur- 
naces for  calcination  of  zinc  blende, 
ii.  46 

Ampsin,  Belgium,  manufacture  of  zinc 
distillation  retorts  at,  ii.  109  ;  zinc 
distillation  furnaces  at,  ii.  HI  ; 
number  of  letorts  Viroken  at,  ii.  172 


Amur  R.,  native  gold  in,  i.  757 

Anaconda,  Butte  City,  chalcocite  from, 
i.  14  ;  Bruckner  furnace  used  at,  i. 
80,  129 ;  composition  of  matte  in 
English  process  of  copper  smelting, 
i.  127 ;  copper  smelting  reverberatory 
furnaces  at,  i.  138  ;  English  process 
of  copper  smelting  at,  i.  153;  Stal- 
mann  converter  at,  i.  162-165  ;  elec- 
troh'tical  methods  of  copper  extrac- 
tion, i.  261;  Stalmann's  process,  i. 
269-271 

Anam,  tin  in,  ii.  379 

Andacallo,  Chili,  cinnabar  at,  ii.  258 

Andalucia,  galena  from,  i.  282 

Andreasberg,  .see  St.  Andreasberg 

Anglesea,  zinc  blende  in,  ii.  14 

Angleur,  Belgium,  charge  for  zinc  dis- 
tillation at,  ii.  90  ;  zinc  distillation 
in  retorts  at,  ii.  104  ;  manufacture 
of  retorts  at,  ii.  108;  zinc  distillation 
furnaces  at,  ii.  Ill,  126,  127;  loss 
of  zinc  in  distillation,  ii.  171  ; 
number  of  retorts  broken  at,  ii. 
172 

Amiaberg,  nickel  ores  at,  ii.  508  ;  cobalt 
at,  ii.  598 

Antofagasta,  Kruhnke  process  at,  i.  622 

Arany  Idka,  Hungary',  barrel  amalgama- 
tion at,  i.  689 

Ardeche,  antimony  in,  ii.  436 

Ardenne,  Belgium,  clay  for  vessels  for 
zinc  reduction  from,  ii.  91 

Argo,  Colorado,  the  OHarra  furnace  at, 
i.  73,74;  Pearce"s  Turret -furnace  at, 
i.  75  ;  copper  smelting  furnaces  used 
at,  i.  132,  136,  137  ;  English  process 
of  copper  smelting  at,  i.  153  ;  Zier- 
vogel  process  at,  i.  742 

Argueros,  Chili,  native  amalgam  found 
at,  ii.  255 

Arizona,  malachite  from,  i.  13  ;  azurite 
from.  i.  14  ;  chalcocite  from,  i.  14  ; 
Henrich  furnace  in  use  in,  i.  107  ; 
smelting  of  oxidised  and  acid  copper 
ores  in,  i.  167-169  ;  native  gold  in,  i. 
757  ;  arrastra  amalgamation,  i.  772  ; 
Huntington  mills  used  in,  i.  774 ; 
bismuth  ochre  deposits  in,  ii.  352 

Arkansas,  calamine  in,  ii.  14  ;  antimony 
in,  ii.  436  ;  nickel  ores  in.  ii.  508 

Arnsberg,  antimon}'  at,  ii.  136 

Asia,  localities  for  galena,  i.  282  ;  for 
cerussite,  i.  283 ;  native  gold  in,  i.  757  ; 
zinc  blende  in,  ii.  14  ;  cinnabar 
deposits  in,  ii.  258  ;  localities  for 
antimony  in,  ii.  436 

Asia  Minor,  antimony  in,  ii.  436 

Astfeld,  Harz  Mts.,  heap  roasting  of  lead 
ores  at,  i.  324  ;  composition  of  lead 
slags,  i.  347 ;  treatment  of  lead 
matte,  i.  384,  386 

Asturias,  cobalt  at,  ii.  599 

Atvidaberg,  copper  pyrites  from,  i.  14  ; 
copper  stall  roasting  in,  i.  42  ;  char- 
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coal  furnaces  in,  i.  91  ;  Sulu  furnaces 
used  at,  i.  97  ;  composition  of  coarse 
copper  from,  i.  118,  119;  (Jerman 
process  of  copper  smelting  at,  i.  128  ; 
copper  refining  at,  i.  174,  179,  185, 
187  ;  production  of  cliloride  of  copper 
in  dry  way,  i.  221  ;  refining  of  ce- 
ment copper  at,  i.  247  ;  Claudet's 
process,  i.  739 
Aude,  antimony  in,  ii.  436 
Aurora,  liquation  of  zinc  scums,  i.  538 
Aussig,  Schalfner's  improved  Maletra 
furnace  used  at,  i.  59  ;  production 
of  chloride  of  copper  in  dry  way,  i. 
221 
Australia,  native  copper  in,  i.  13  ;  copper 
pyrites  in,  i.  14  ;  chalcocite  in,  i.  14; 
blowers  for  shaft  furnaces  used  in,  i. 
93  ;  English  process  of  copper  smelt- 
ing in,  i.  152 ;  impurities  in  refined 
copper,  i.  194  ;  localities  for  galena, 
i.  282  ;  for  anglesite,  i.  283  ;  native 
silver  in,  i.  466  ;  horn  silver  in,  467  ; 
bi'omite  in,  i.  467  ;  embolite  in,  i. 
468  ;  iodite  in,  i.  468  ;  largest  gold 
nugget  from  i.  757  ;  compounds  of 
gold  and  tellurium  in,  i.  758  ;  gold 
prospectors'  pans  used  in,  i.  760,  761  ; 
puddling  tub  used  in,  i.  762  ;  Hunt- 
ington mills  used  in,  i.  774  ;  stamp 
mill  amalgamation  in,  i.  785  ;  Mac- 
Arthur-Forrest  gold  extraction,  i. 
830-840  ;  zinc  blende  in,  ii.  14  ;  cin- 
nabar deposits  in,  ii.  258  ;  localities 
for  bismuth,  ii.  352  ;  tin  deposits  in, 
ii.  379  ;  localities  for  antimony  in, 
ii.  436  ;  platinum  in,  ii.  617 
Austria,  production  of  chloride  of  copper 
in  dry  way,  i.  220, 221 ;  nickel  ores  in, 
ii.  508  et  aeq. 
Austro-Hungary,  copper  pyrites  in,  i.  14 ; 
heap-roasting  of  copper  ores,  i.  34; 
stall  roasting  of  copper  ores,  i.  38, 
39  ;  dead  roasting  of  copper  matte 
in  heaps,  i.  114;  copper  refining  in, 
i.  178  ;  localities  for  galena,  i.  282  ; 
localities  for  zinc  blende,  ii.  13,  14  ; 
for  calamine,  ii.  14  ;  treatment  of 
l")ismuth  ores  from,  at  Oberschlemnia, 
ii.  353  (see  Hungary) 
Auvergne,  antimony  in,  ii.  436 
Ava,  India,  galena  from,  i.  282 
Avala  Hills,  Belgrade,  discovery  of  cin- 
nabar deposits  in,  ii.  257  ;  calomel 
in,  ii.  259 


B 


Badajoz,  galena  from,  i.  282  ;  antimonv 
at,  ii.  436 

Baden,  zinc  blende  in,  ii.  13  ;  calamine 
in,  ii.  14 

Bagillt,  Flintshire,  smelting  of  lead  sul- 
phate at,  i.  418  ;  distillation  of  zinc 
scums,  i.  548 


Balan,  Siebenbiirgen,  stall  roasting  of 
copper  pyrites  for  sulpiiate,  i.  213, 
215 

Balbach,  Newark,  gold  refining  at,  i. 
858  et  seq. ;  extraction  of  nickel  by 
electrolysis,  ii.  591 

Balen,  France,  nickel  ores  at,  ii.  508 

Ballarat,  largest  nugget  from,  i.  757 

Baltimore,  electrolytical  method  of 
copper  extraction,  i.  261,  272 

Banate,  the,  azurite  from,  i.  14 ;  bismuth 
deposits  in,  ii.  352 

Banca,  tin  in,  ii.  379  ;  furnace  for  tin- 
smelting  in,  ii.  403,  404,  409,  410, 
412 ;  refining  of  tin  in,  ii,  413,  417  ; 
composition  of  pure  tin  from,  ii. 
417 

Banya,  Hungary,  extraction  of  antimony 
at,  ii.  441,  447,  454;  refining  of 
antimony,  ii.  463,  465,  466 

Barbacoas,  platinum  at,  ii.  617 

Barnaul,  Pavlov's  works  at,  production 
of  work-lead  from  silver  ores,  i.  485 

Bashkires,  the,  native  gold  in,  i.  757 

Bathgate,  Scotland,  nickel  ores  at,  ii. 
508 

Batopilas,  Mexico,  native  silver  at,  i. 
466 ;  silver  extraction  process  at,  i. 
617 

Battigio,  Monte  Rosa,  experiments  on 
action  of  oxygen  with  gold,  i.  830 

Baux,  aluminium  at,  ii.  633 

Bavaria,  cinnabar  found  in,  ii.  257 ; 
calcination  of  cinnabar  with  iron  or 
lime,  ii.  324 

Belgium,  localities  for  galena,  i.  282 ; 
Carinthian  process  of  lead  extraction, 
i.  290 — 296  ;  impurities  in  zinc  from, 
ii.  4  ;  localities  for  zinc  blende  in,  ii. 
14 ;  for  calamine,  ii.  14 ;  double- 
bedded  furnaces  for  calcining  zinc 
blende  used  in,  ii.  45 ;  fire-proof 
clays  from,  ii.  91  ;  zinc  distillation 
in,  ii.  103,  104  ;  construction  of 
muffles  in,  ii.  131,  132;  zinc  distil- 
lation in  Belgo-Silesian  furnaces  in, 
i.  146  et  seq. ;  loss  of  zinc  in  distil- 
lation, ii.  170;  production  of  zinc 
white,  ii.  235 ;  occurrence  of  cad- 
mium in  zinc  poussiere  from,  ii.  243  ; 
nickel  coinage  in,  ii.  506 

Bendigo,  native  gold  from,  i.  757 

Bensberg,  galena  from,  i.  282 

Beresov,  native  gold  in,  i.  757 

Bergen  Port,  U.S.A.,  zinc-distillation 
furnaces  at,  ii.  112,  127,  128  ;  loss  of 
zinc  in  distillation,  ii.  171  ;  extrac- 
tion of  zinc  white  at,  ii.  226,  235  ; 
production  of  crude  nickel  at,  ii.  553 

Bei'gisch-Gladbach  works,  the,  Belgo- 
Silesian  furnaces  iised  at,  ii.  146, 
147,  167  ;  loss  of  zinc  in  distillation, 
ii.  171 

Berlin,  impurities  in  sheet  zinc  from,  ii.  3 

Berndorf,  Vienna,  nickel  refining  at,  ii. 
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592.  595  ;  extraction  of  cobalt  at,  ii. 
G08 

Bethlehem,  Pa.,  heap-roasting  of  zinc- 
blende  at,  ii.  39 ;  zinc-distillation 
furnaces  at,  ii.  112,  128  ;  loss  of  zinc 
in  distillation,  ii.  171  ;  composition 
of  spelter  from,  ii.  182  ;  extraction 
of  zinc  white  at,  ii.  226,  231  et  seq.; 
nickel-steel  manufactured  at,  ii.  507 

Biache  St.  Wast,  electrolytical  method 
of  copper  extraction,  i.  260 

Bieber,  Hesse,  cobalt  at,  ii.  599 

Billiton,  tin  in,  ii.  379 

Birkengang,  .Stolberg,  muffles  for  zinc- 
distillation  at,  ii.  131  ;  Siemens  fur- 
naces used  at,  ii.  146  et  stq.,  169  ; 
composition  of  spelter  from,  ii.  182 

Birmingham,  electrolytical  method  of 
copper  extraction,  i.  260  ;  extraction 
of  nickel  from  garnierite,  ii.  555  ; 
jMond"s  process  of  nickel  extraction 
at,  ii.  573  ;  extraction  of  nickel  from 
speiss,  ii.  586  ;  nickel  refining  at,  ii. 
595 

Bisbee,  Arizona,  Manhes-Da\id  con- 
verter at,  i.  162 

Bischofshofen,  copper  pj-rites  from,  i. 
14  ;  Anglo-German  method  of  copper 
smelting,  i.  124,  154,  158  ;  smelting 
of  white  metal  at,  i.  144 

Bisersk,  native  gold  at,  i.  757 

Bishoptown,  Scotland,  occurrence  of 
cadmium  at,  ii.  242 

Black  Forest,  nickeliferous  ores  in,  ii. 
509 

Black  Hawk,  Colorado,  Augustin  pro- 
cess at,  i.  714  ;  Ziervogel  process  at, 
i.  749 

Black  Hills,  Dakota,  Plattner  process  at, 
i.  806 

Bleka,  Norway,  bismuth  at,  ii.  352 

Bleiberg,  Carinthia,  Carinthian  process 
of  lead  extraction,  i.  290-296  ;  Rossie 
furnace  used  at,  i.  313,  317 

Bleyberg,  near  Mons,  galena  from,  i. 
282  ;  zinc-distillation  furnaces  at,  ii. 
Ill;  losses  of  zinc  in  distillation,  ii. 
171  ;  electrolysis  of  zinc  at,  ii.  214 

Bogolovsk,  Altai  Mts. ,  platinum  at,  ii. 
617 

Bohemia,  galena  from,  i.  282 ;  siher 
glance  in,  i.  466 ;  miargyrite  in, 
i.  466  ;  zinc  blende  in,  ii.  14 ; 
cinnaV)ar  deposits  in,  ii.  257 ;  cal- 
cination of  cinnabar  with  lime  or 
iron,  ii.  324  ;  bismuth  deposits  in, 
ii.  352  ;  thi  deposits  in,  ii.  379  ;  re- 
fining of  tin,  ii.  413 ;  localities  for 
antimony  in,  ii.  436  ;  arsenic  in,  ii. 
476  ;  cobalt  in,  ii.  598 

Boicza,  Laszlo  amalgamators  used  at,  i. 
792 

]5()livia,  native  silver  in,  i.  466  ;  amalgam 
found  in,  i.  466 ;  dyscrasite  in,  i. 
466  ;  silver  glance  in,  i.  466  ;  iiorn 


silver  in,  i.  467  ;  bismuth  deposits  in, 
ii.  352  ;  extraction  of  bisnnith  from 
ores  from,  ii.  358  ;  composition  of 
purified  bismuth  from,  ii.  373  ;  tin 
in,  ii.  379 

Borbeck,  Essen,  composition  of  zinc 
fumes  at,  ii.  183 

Borlech,  zinc-distillation  in  nmffles,  ii. 
104 

Borneo,  gold-prospectors'  pans  used  in, 
i.  760  ;  cinnabar  deposits  in,  ii.  258  ; 
antimon\'  in,  ii.  436,  437  ;  platinum 
in,  ii.  617 

Bosnia,  antimony  in,  ii.  436 

Boston,  dead  roasting  of  copper  matte 
in  stalls,  i.  115 ;  electrolytical  method 
of  copper  extraction,  i.  261 

Botallack,  Cornwall,  arsenic  from,  ii. 
480  ;  cobalt  at,  ii.  599 

Bouc,  antimony  at,  ii.  436,  447,  451,  454 

Bouches  du  Rhone,  aluminium  in,  ii.  633 

Brad,  native  gold  in,  i.  757  ;  Munktell's 
process  of  gold  chlorination,  i.  815 

Braganza,  antimony  in,  ii.  436 

Bratsberg,  Norway,  converters  used  at, 
i.  166 

Braubach,  galena  from,  i.  282  ;  composi- 
tion of  slag  from  lead  smelting  works 
at,  i.  347  ;  treatment  of  lead  matte 
at,  i.  384  ;  distillation  of  zinc  scums, 
i.  543,  546 

Braunsdorf,  Saxonj-,  antimonj'  at,  ii. 
437 

Brazil,  galena  from,  i.  282  ;  native  gold 
in,  i,  757 ;  gold  amalgamation  in 
rotating  Ijarrels  in,  i.  790  ;  cinnabar 
deposits  in,  ii.  258  ;  tin  in,  ii.  379  ; 
nickel  coinage  in,  ii.  506  ;  platinum 
in,  ii.  617 

Bridgeport,  Connecticut,  electrolytical 
method  of  copper  extraction,  i.  261 

Briesen,  Moravia,  clay  for  vessels  for 
zinc  reduction  from,  ii.  91  ;  clay  for 
mutHes  from,  ii.  131 

Brisbane,  charges  for  tin  smelting  at,  ii. 
398 

British  Columbia,  native  gold  in,  i.  757  ; 
platinum  in,  ii.  617 

Brittany,  tin  dejjosits  in,  ii.  379 

Brixlegg,  Tyrol,  coj)per  ])yrites  from,  i. 
14  ;  circular  shaft  furnaces  at,  i.  92, 
100  ;  calcination  of  copper  matte  at, 
i.  116;  smelting  of  calcined  copper 
matte,  i.  119;  German  process  of 
copper  smelting  at,  i.  122,  123 ; 
Anglo  -  (Tcrman  process  of  copper 
snielting  at,  i.  154-158  ;  electro- 
lytical method  of  copper  extraction, 
i!  260 

Brodkowic,  Bohemia,  antimony  at,  ii. 
436 

Broken  Hill,  N.S.W.,  galena  from,  i. 
282  ;  cerussite  from,  i.  282,  283 ; 
smelting  lead  carbonate  at,  i.  415, 
416 :    furnace  used  at,   i.   416-418  ; 
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native  silver  at,  i.  400  ;  horn  silver 
at,  i.  407 ;  l)roniite  at,  i.  407  ; 
enibolitc  at,  i.  468  ;  iodite  at,  i. 
408  ;  production  of  work  lead  alloys, 
i.  474  ;  Boss  process  of  silver  extrac- 
tion, i.  070  ;  zinc  blende  at,  ii.  14  ; 
calcining  zinc  blende  at,  ii.  33  ;  ex- 
traction of  zinc  by  electrolysis,  ii. 
219 

Brooklyn,  Canada,  Nicholson  works  near, 
i.  07  ;  Herrcshof  furnaces  at,  i.  92, 
107-109  ;  Stahnann  converter  at,  i. 
102,  163,  160;  electrolytical  method 
of  copper  extraction,  i.  201 

Bxu-niah,  tin  in,  ii.  379 

Bnrra-Burra,  native  copper  from,  i.  13  ; 
malachite  from,  i.  13  ;  impurities  in 
refined  copper  from,  i.  194 

Butte  City,  bornite  and  chalcocite  from, 
i.  14 ;  fixed  reverberatory  copper 
furnaces  at,  i.  71  ;  O'Harra  furnaces 
at,  i.  73,  74  ;  composition  of  slag  in 
English  process  of  copper  smelting, 
i.  127  ;  copper  smelting  reverbera- 
tory furnaces  at  (see  Anaconda  and 
Chalcocite),  i.  138  ;  English  process 
of  copper  smelting  at,  i.  153 

Butzum,  native  gold  in,  i.  7o7 


Cajamarca,  Peru,  cinnabar  at,  ii.  258 
California,  galena  from,  i.  282  ;  alluvial 
gold  in,  i.  757  ;  largest  gold  nugget 
from,  i.  757  ;  compounds  of  gold  and 
tellurium  in,  i.  758  ;  gold  prospectors' 
jians  used  in,  i.  700,  701  ;  hydraulic 
mining  in,  i.  765  ef  seq.  ;  arrastra 
amalgamation,  i.  772 ;  Huntington 
mills  used  in,  i.  774 ;  stamp  mill 
amalgamation  at,  i.  785  et  -^eq. ;  pan 
amalgamation  in,  i.  795  ;  calcination 
of  gold  ores  in,  i.  808  ;  MacArthur- 
Forrest  gold-extraction  process,  i. 
841  ;  native  mercury  in,  ii.  255  ; 
cinnabar  deposits  of,  ii.  257,  258  ; 
transport  of  mercury  from,  ii.  266, 
329  ;  shaft  furnaces  working  inter- 
mittently, ii.  267  ;  continuously- 
fired  shaft- furnaces  in,  ii.  278  ;  Knox 
furnaces,  ii.  289 ;  retort  furnaces, 
in,  ii.  321  ;  calcination  of  cinnabar 
with  lime  or  iron,  ii.  323,  324  ; 
treatment  of  mercurial  soot  in,  ii. 
332  et  .seq. ;  tin  deposits  in,  ii.  379  ; 
antimony  in,  ii.  436,  454 ;  composi- 
tion of  refined  antimony  from,  ii. 
467  ;  platinum  in,  ii.  617 
Call,  treatment  of  leatl  matte  at,  i.  384 
Callington  United  Mine,  Cornwall,  arsenic 

from,  ii.  480 
Canada,  copper  pyrites  from,  i.  14  ;  heap 
roasting  in,  i.  34  ;  copper  ores  from, 
calcined  in  MacDougall   furnace,  i. 


67  ;  antimony  in,  ii.  436,  437  ; 
arsenic  in,  ii.  476  ;  platinum  in,  ii. 
010,  617 

Cannon  city,  extraction  of  zinc  fi'om  lead 
ores,  ii.  235  et  .seq. 

Capo  Corso,  Corsica,  cinnabar  at,  ii.  257 

Capula,  Mexico,  cinnal)ar  found  near,  ii. 
258 

Carimon,  tin  in,  ii.  379 

Carinthia,  native  gold  in,  i.  757  ;  galena 
from,  i.  282  ;  zinc  blende  in,  ii.  14  ; 
calamine  in,  ii.  14  ;  arsenic  in,  ii. 
476  ;  bismuth  deposits  in,  ii.  352 

Carolina,  North,  melaconite  in,  i.  13 ; 
tin  deposits  in,  ii.  379  ;  aluminium 
in,  ii.  634  ;  platinum  in,  ii.  017 

Carondelet,  Missouri,  composition  of  zinc 
fumes  at,  ii.  183 

Carriek  Fell,  Cumberland,  bismuth  at, 
ii.  352 

Carrisol,  Chili,  English  process  of  copper 
smelting  at,  i.  152 

Carro,  Mexico,  cinnabar  at,  ii.  258 

Carson  River,  Nevada,  native  gold  at,  i. 
757 

Carthagena,  galena  from,  i.  282  ;  cerussite 
from,  i.  283  ;  draught  furnaces  for 
lead  smelting,  i.  348,  349 ;  Rozan 
process,  i.  518  ;  calamine  at,  ii.  14 

Casarza,  Genoa,  extraction  of  copper 
from  matte  by  electrolysis,  i.  258-260 

Castellazara,  extraction  of  mercury  in 
shaft  furnaces  at,  ii.  315,  310 

Castillon,  calamine  at,  ii.  14 

Caucasus,  copper  pyrites  from,  i.  14,  45  ; 
copper  heap-roasting  in,  i.  27,  36, 
37  ;  calcination  of  copper  matte  in, 
i.  114;  tough-poling  in,  i.  190;  re- 
fining furnaces,  i.  194  ;  impurities  in 
refined  copper  from,  i.  194 

Cerigiiani,  Lucca,  Italy,  cinnabar  deposits 
at,  ii.  257 

Cerrogordo,  Chili,  patera  process  at,  i. 
720 

Cevennes,  the,  France,  cinnabar  de- 
posits, ii.  257 

Chanarcillo,  Chili,  dvscrasite  found  at, 
i.  466 

Cheltenham,  Missoiii-i,  refining  of  lead 
at,  i.  451  ;  desilverising  by  zinc 
method,  i.  524,  533  ;  liquation  of 
zinc  scums,  i.  538  ;  ti'eatment  of 
desilverised  lead,  i.  539  ;  on  dis- 
tillation of  zinc  scums,  i.  542,  548  ; 
fire-proof  clay  from,  ii.  92 

Chessy,  near  Lyons,  azurite  from,  i.  13  ; 
copper  pyi'ites  from,  i.  14  ;  smelting 
of  oxidised  and  acid  copper  ores  at, 
i.  167 

(Jhester,  Mass.,  alunnnium  at.  ii.  6.34 

Chicago,  electrolytical  metliod  of  copper 
extraction,  i.  261  ;  refining  at  Nat- 
ional Lead  Works  near,  i.  453 ; 
armour-plates  manufactured  at,  ii. 
506 
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Chihuahua,  Mexico,  patio  piocess  at,  i. 
630 

Chili,  cuprite  from,  i.  13  ;  malachite 
from,  i.  13  ;  copper  pyrites  from,  i. 
14  ;  copper  mattes  in,  i.  127  ; 
English  process  of  copper-smelting 
in,  i.  1.t2  ;  impurities  in  refined 
copper  from,  i.  194  ;  native  silver  in, 
i.  466  ;  amalgam  found  in,  i.  466  ; 
dyscrasite  found  in,  i.  466  ;  silver 
glance  in,  i.  466  ;  stromej'erite  in,  i. 
466  ;  pyrargyrite  in,  i.  466 ;  horn 
silver  in,  i.  467  ;  bromite  in,  i.  467  ; 
iodite  in,  i.  468  ;  amalgamation 
process  of  silver-extraction  in,  i. 
614  et  seq.;  Krolmke  process,  i.  620, 
625  ;  patio  process,  i.  632  ;  native 
gold  in,  i.  757  ;  cinnabar  deposits  in, 
ii.  258  ;  bismuth  deposits  in,  ii.  352  ; 
tin  in,  ii.  379  ;  nickel  coinage  in,  ii. 
506 

China,  cinnabar  deposits  in,  ii.  258  ;  tin 
in,  379 

Chiromagny,  France,  silver  glance  found 
at,  i.  466 

Choco,  platinum  at,  ii.  617 

Chonta,  Peru,  cinnabar  at,  ii.  258 

Chorolque,  Bolivia,  bisnmth  at,  ii.  352 ; 
tin  at,  ii.  379 

Chropaczow,  Hasenclever  furnaces  for 
calcining  zinc  blende,  ii.  69  ;  sulphur 
dioxide  formerly  manufactured  at, 
ii.  76 

Christiansand,  Norway,  nickel  at,  ii. 
509 

Cilli,  Austria,  reverberatoiy  furnaces  for 
burning  calamine  used  at,  ii.  27 ; 
for  calcining  zinc  blende,  ii.  47  ; 
Siemens  furnaces  used  at,  ii.  157, 
169,  170  ;  composition  of  spelter 
from,  ii.  182 

Clausthal,  Harz,  iron-reduction  process 
of  lead  extraction  at,  i.  397  tt  seq.; 
furnaces  used  at,  i.  398-401 ;  smelting 
lead  nuitte  at,  i.  404  et  neq.;  smelting 
litharge  at,  i.  425  ;  treatment  of 
abstrich  at,  i.  427-429  ;  composition 
of  lead  l)efore  refining,  i.  435,  440  ; 
after  refining,  i.  442 ;  cupellation  of 
argentiferous  lead,  i.  582-584 

Clifton,  Arizona,  cuprite  from,  i.  13; 
Henricli  furnace  in  use  at,  i.  107  ; 
slag  ])roduced  in  a  Henrich  furnace 
at,  i.  169 

Colar  goldfields,  ]\lysore,  Wheeler  pans 
used  at,  i.  796 

Collingville,  Illinois,  ]Jrown  furnaces  for 
calcining  zinc  lilende  used  at,  ii.  50. 

Colombia,  cuprite  from,  i.  13 

Colorado,  fahlore  from,  i.  15 ;  galena 
from,  i.  282  ;  cerussite  from,  i.  282, 
283  ;  treatment  of  lead  matte  in,  i. 
385 ;  combined  iron-reduction  ])rocess 
with  smelting  of  oxidised  lead  ores, 
i.  4,  12  ;  lead  carbonate  from,  i.  414  ; 


fahlore  found  in,  i.  467 ;  horn 
silver  in,  i.  467  ;  production  of 
work-lead  allojs,  i.  475,  479  ; 
Ziervogel  process  at,  i.  742  ;  native 
gold  in,  i.  757  ;  compounds  of  gold 
with  tellurium  in,  i.  758  ;  arrastra 
amalgamation,  i .  772  ;  Huntington 
mills  used  in,  i.  774  ;  stamp  mills  in, 
i.  785  ;  MacArthur-Forrest  gold- 
extraction  process,  i.  841  ;  zinc 
blende  in,  ii.  14 ;  extraction  of  zinc 
white,  ii.  226  et  seq.  ;  bismuth  glance 
in,  ii.  352 

Columbia,  cinnabar  deposits  in,  ii.  258 

Commern,  treatment  of  lead  matte  at, 
i.  384 

Comstock  lode,  the,  Virginia  City,  silver 
glances  formerly  found  in,  i.  466 

Connachino,  Monte  Amiata,  calcination 
of  cinnabar  with  iron  or  lime,  ii. 
326,  328 

Constable  Hook,  New  Jersej-,  production 
of  refined  nickel  matte  at,  ii.  550 

Coolgardie,  W.  Australia,  native  gold 
at,  i.  757 

Copiapo  Valley,  the,  silver  ores  of,  i. 
614  ;  Kn'ihnke  process,  i.  620,  622 

Coppai'berg,  zinc  blende  at,  ii.  14 

Copper  Cliff  Mine,  nickel  at,  ii.  510 

Corderillas,  the,  cinnabar  deposits  in,  ii, 
258 

Cordova,  Spain,  English  process  of  lead 
extraction,  i.  300 

Cornwall,  copper  pyrites  from,  i.  14 ; 
bornitefrom,  i.  14;  chalcocite  from, 
i.  13 ;  galena  from,  i.  282  ;  English 
process  of  lead  extraction  used  in, 
i.  300  ;  zinc  blende  in,  ii.  14 ; 
l)ismuth  deposits  in,  ii.  352  ;  tin 
deposits  in,  ii.  379,  380  ;  treatment 
of  tin,  ii.  382 ;  furnaces  used  in,  ii. 
386  et  seq. ,  394  et  seq.  ;  charges  for 
tin-smelting,  ii.  398  ;  composition  of 
pure  tin,  ii.  417  ;  antimonj-  in,  ii. 
436  ;  arsenic  at,  ii.  475,  476  ;  arsen- 
ious  oxide  from,  ii.  480  ;  extraction 
of  arsenic,  ii.  482;  refining  arsenic 
in,  ii.  488  ;  nickel  ores  in,  ii.  508  ; 
cobalt  in,  ii.  598,  599 

Coronel,  Peru,  native  silver  at,  i.  466 

Corphalie,  galena  from,  i.  282 ;  Frencli 
process  of  lead-extraction  at,  i.  308  ; 
zinc  blende  in,  ii.  14  ;  furnaces  for 
calcining  zinc  blende  at,  ii.  47  ;  zinc 
distillation  in  retorts  at,  ii.  104  ; 
treatment  of  zinc  fumes  at,  ii.  176. 

Corsica,  cinnabar  deposits  in,  ii.  257 

Cossack  territory,  native  gold  in,  i.  757 

Creuse,  France,  tin  in,  ii.  379 

Cripple  Creek,  Colorado,  MacArthur- 
Forrest  gold-extraction  process  at, 
i.  841 

Cul)a,  copper  pyrites  in,  i.  14 

Cudgegong,  N.  S.  W.,  cinnabar  deposits, 
ii.  258 
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Cumberland,  zinc  bleiule  in,  ii.  1-4  ; 
occurrence  of  cadmium  in  zinc  ores 
of,  ii.  243  ;  bismuth  deposits  in,  ii. 
352  ;  cobalt  in,  ii.  599 

Curra  Rossi,  Hungary,  electro-metal- 
lurgical extraction  of  gold,  i.  841 

Cwm  Avon,  Wales,  treatment  of  coarse 
metal  at,  i.  149,  150 

Cziklova,  the  Banate,  bismuth  at,  ii.  352. 


1) 


Dakota,  native  gold  in,  i.  757  ;  stamp 
mills  in,  i.  781-786 ;  chlorination 
of  gold  ores,  i.  817  ;  extraction  of 
gold  by  bromine  in,  i.  827 ;  tin 
deposits  in,  ii.  379 

Danescombe  Mine,  Cornwall,  arsenic 
from,  ii.  480 

Daschkesan,  Russia,  cobalt  at,  ii.  599 

Davos,  Engadine,  exhaustion  of  lead 
deposits  at,  i.  290 

Dayton,  Nevada,  Washoe  process  at, 
i.  671 

Deebank,  North  Wales,  smelting  of 
litharge,  i.  424 

Delach,  Carinthia,  furnaces  for  zinc 
distillation  at,  ii.  100,  101 

Delhi,  gold-parting  by  sulphur  at,  1.  846 

Deloi-o,  Canada,  calcination  of  gold  ore 
at,  i.  809  ;  chlorination,  i.  816  ;  ex- 
traction of  arsenic  at,  ii.  484 

Denbighshire,  zinc  blende  in,  ii.  14 

Denver,  Colorado,  furnace  for  roasting 
lead  ores,  i.  334,  336-338.  O'Harra 
furnace  for  roasting  lead  ores,  i.  338  ; 
American  furnaces  at,  i.  352-354, 
373-377 ;  lies  furnace  at,  i.  354 ; 
treatment  of  lead  matte  at,  i.  383, 
384 ;  lead  smelting  at,  i.  392,  393  ; 
Ziervogel  process  at,  i.  742 ;  extrac- 
tion of  gold  by  bromine  at,  i.  827 

Derbyshire,  English  process  of  lead 
extraction  used  in,  i.  300  ;  occurrence 
of  cadmium  in  zinc  ores  of,  ii.  243 

Detroit,  Michigan,  treatment  of  native 
copper  at,  i.  169,  196 

Deva,  Siebenbiirgen,  Huiit-Douglas  cop- 
per process  at,  i.  204 

Devonshire,  copper  pyrites  from,  i.  14  : 
galena  from,  i.  282  ;  tin  deposits  in, 
ii.  379  ;  arsenic  in,  ii.  476  ;  arsenious 
oxide  from,  ii.  480  ;  extraction  of,  ii. 
482,  487,  488 

Diacoletto,  Castellazzai'a,  cinnabar  de- 
posits at,  ii.  256 

Dillenburg,  English  process  of  copper 
smelting  at,  i.  152  ;  millerite  found 
near,  ii.  508  ;  stall  roasting  of  nickel 
ores  at,  ii.  518-520  ;  smelting  nickel 
ores  at,  ii.  525,  et  seq.  ;  refining 
nickel  matte  at,  ii.  540  et  seq. 

DobscUau,  antimony  at,  ii.  436  ;  nickel 
ores  at,   ii.    508-510  ;    stall  roasting 


at,  ii.    559 ;    smelting    roasted    ore 

metal  at,  ii.  562,  566,  569  ;  extraction 

ot   nickel    from   speiss   at,    ii.    586  ; 

cobalt   at,    ii.    598  ;    extraction,    ii. 

602 
Donetz    basin,  Russia,    zinc   blende   in, 

ii.  14 
Dortmund,  burning  of  calamine  in  shaft 

furnaces,  ii.  22 
Douglas  Island,  Alaska,  gold  stamp  mills 

at,  i.  787 
Dracut,  Mass.,  nickel  at,  ii.  509 
Drakewells  mine,  Cornwall,  removal   of 

tungsten  from  roasted  tinstone,    ii. 

390,  391  ;  arsenic  from,  ii.  480 
Dresden,  gold-parting  at  the  mint  at,  i. 

843 
Dry  Creek,  Adelaide,   smelting   of   lead 

carbonate  at,  i.  416 
Duisburg,  Aggerthal  copper  works  near, 

English  process  of  copper   smelting 

at,  i.  152  ;  production  of  chloride  of 

copper,  i.  221  ;  Claudet's  process,  i. 

739  ;    extraction  of  zinc  by  electro- 

Ij-sis,  ii.  219 
Durango,  Colorado,  electrolytical  method 

of  copper  extraction,  i.  261 


E 


East  Indies,  tin  deposits  in,  ii.  379 ; 
platinum  in,  ii.  617 

Eastpool  mine,  Cornwall,  arsenic  from, 
ii.  480 

Eckarthiltte,  treatment  of  kupferschiefer 
and  lead  from  copper  flue-dust  at,  i. 
422 

Eder,  R.,  the,  native  gold  in,  i.  757 

Editha  Smalt  Works,  -see  in  the  General 
Index 

Eguilles,  near  Sargues,  Manhe's  conver- 
ters at,  i.  160-165 

ICitorf,  Parkes's  furnace  at,  i.  79 

El  Paso,  Texas,  smelting  lead  carbonate 
at,  i.  414 ;  production  of  work-lead 
alloys  from  silver  ores,  i.  475 

Ems,  galena  from,  i.  282 ;  pyromorphite 
from,  i.  283 ;  treatment  of  lead 
matte  at,  i.  384  ;  distillation  of  zinc 
scums,  i.  543 

Engis,  Belgium,  exhaustion  of  lead  de- 
Ijosits  at,  i.  290-294  ;  zinc  blende  in, 
ii.  14  ;  distillation  vessels  used  at, 
ii.  92-106 ;  treatment  of  furnace 
products,  ii.  175  ;  extraction  of  cad- 
mium at,  ii.  245,  246 

England,  copper  pyrites  in,  i.  14  ;  native 
gold  in,  i.  757  ;  impurities  in  best 
selected  copper,  i.  194  ;  composition 
of  cement  copper,  i.  246  ;  localities 
for  galena,  i.  282  ;  localities  for  zinc 
blende,  ii.  14 ;  bismuth  deposits 
in,  ii.  252  ;  tinstone  deposits  in,  ii. 
379 ;    composition   of    pure   tin,    ii. 
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417:  anliiudiiy  in,  ii.  430;  refining 
aiitiniony  in,  ii.  463  ;  ai'senic  in,  ii. 
i~'),  470  ;  nickel  ores  in,  ii.  508  ; 
cobalt  in,  ii.  598,  51)!) 

Erzgebirge,  galena  from,  i.  282  ;  native 
silver  in,  i.  405  ;  silver  glance  found 
in,  i.  406  ;  pyrargyrile  in,  i.  400  ; 
zinc  blende  in,  ii.  13;  bisnmtli  de- 
posits in,  ii.  352  ;  antimony  in,  ii. 
430  ;  arsenic  found  in,  ii.  475 

Escallotte,  near  Marseilles,  French  pro- 
cess of  lead  extraction  at,  i.  308 

Escobar,  Krohnke  process  at,  i.  622 

Estremadura,  Spain,  antimonj'  at,  ii. 
436 

Eureka,  Nevada,  see  Eureka  works  (( lene- 
ral Index) 

Europe,  reverberatory  furnace  liearths 
in,  i.  68  ;  blowers  for  shaft  furnaces 
used  in,  i.  93  ;  composition  of  coarse 
copper  in,  i.  118  ;  native  gold  in,  i. 
757  ;  localities  for  galena,  i.  282  ; 
localities  for  zinc  blende  in,  ii.  13  ; 
for  calamine,  ii.  14  ;  cinnabar  de- 
posits in,  ii.  255-257  ;  transport  of 
mercury  from,  ii.  266,  329  ;  localities 
for  bismuth  in,  ii.  352 


F 


Fahlun,  copper  pyrites  from,  i.  14 ; 
copper  stall  roasting  at,  i.  42  ;  com- 
position of  slags  from,  i.  90 ;  Sulu 
fiirnaces  used  at,  i.  97  ;  composition 
of  copper  mattes,  i.  Ill  ;  composition 
of  coarse  copper  from,  i.  118;  com- 
position of  diinnstein  from,  i.  119; 
composition  of  slag  from  production 
of  coarse  copper,  i.  119,  120  ;  German 
process  of  copper  smelting  at,  i.  124  ; 
production  of  chloride  of  copper  in 
dry  way,  i.  221  ;  stall  roasting  of 
lead  ores  at,  i.;328;  treatment  of 
lead  matte  at,  i.  384  ;  bismuth  de- 
posits at,  ii.  352  ;  nickel  at,  ii.  509 

Feistritz,  aluminium  at,  ii.  033 

Fernezely,  Hungary,  copper,  normal 
heap-roasting,  i.  34 

Fichtelgebirge,  the,  antimony  in,  ii.  436 

Finland,  native  gold  in,  i.  757  ;  tin  de- 
posits in,  ii.  379 

Flintshii-e,  English  process  of  lead  ex- 
traction used  in,  i.  297-300 

Flone,  Vieille  Montague  Co.,  near,  fur- 
naces for  calcining  zinc  blende  at,  ii. 
47  ;  neutralisation  of  sulphur  acids, 
ii.  59  ;  zinc  distillation  in  mutHes  at, 
ii.  104 

Fl(nids<lorf,  Vienna,  works  of  Lederer 
and  Nesscnj-  at,  ii.  321 

Folilal,  Norway,  kernel  roasting  in,  i. 
30 ;  precijiitation  of  sulpliide  of 
copper  at,  i.  209 

Fowey,  Cornwall,  nickel  ores  at,  ii.  500 


France,  copper  pyrites  in,  i.  14  ;  amal- 
gam found  at  Allemant  in,  i.  400  ; 
silver  glance  found  in,  i.  466  ;  locali- 
ties for  galena,  i.  282  ;  for  anglesite, 
i.  283 ;  Carinthian  process  of  lead 
extraction,  i.  290 ;  zinc  blende  in, 
ii.  14  ;  cinnabar  deposits  in,  ii.  257  ; 
bismuth  ochre  deposits  in,  ii.  352  ; 
tin  deposits  in,  ii.  379,  composition 
of  pure  tin,  ii.  417  ;  localities  for 
antimony  in,  ii.  436  ;  arsenic  in,  ii. 
475,  470 ;  nickel  ores  in,  ii.  508 ; 
cobalt  in,  ii.  598 

Frankfurt-am-Maine,  refining  of  blick- 
silber  by  Roessler's  process,  i.  600 ; 
Moldenhauer's  experiments  at  the 
gold-i^arting  works  at,  i.  830-838  ; 
gold  refining  at,  i.  856-800  et  seq.  ; 
gold-parting  by  electrolysis,  i.  787 
et  seq.  ;  treatment  of  copper  with 
zinc  calcination  products,  ii.  84 ; 
treatment  of  silver  skimmings  for 
bismuth,  ii.  304  ;  extraction  of  plati- 
num at  the  gokl  and  silver  Morks, 
ii.  624 

Frau  Sophienhiitte,  the,  production  of 
zinc  vitriol  at,  i.  237  ;  Langelsheim, 
heap-roasting  of  lead  ores  at,  i.  324  ; 
composition  of  lead  slags,  i.  347  ; 
smelting  lead  ore  at,  i.  385,  386,  411 

Freiberg,  kilns  at,  i.  50,  51  ;  calcination 
of  ore-fines  at,  i.  52  ;  composition  of 
spurstein  at,  i.  121  ;  treating  sul- 
phide of  copper  for  the  oxide,  i.  216  ; 
the  Wellner  stall  for  roasting  lead 
ore  at,  i.  328  ;  kilns  at,  i.  328,  329  ; 
furnace  for  roasting  lead  ore  at  the 
Mulden  works  of,  i.  334,  335,  338  ; 
composition  of  slag  from  lead  smelt- 
ing at,  i.  340,  347  ;  I'ilz  furnaces  at, 
i.  352-355,  362,  363,  378;  Old 
Wellner-Vogel  furnace  at,  i.  365, 
366 ;  Stolberg  furnace  at,  i.  366, 
367  ;  composition  of  lead  matte  from, 
i.  381,  382  ;  treatment  of  lead  matte, 
i.  383,  384  ;  lead  smelting  at,  i.  386- 
389  ;  smelting  of  lead  slags  from, 
i.  420,  421  ;  smelting  litharge  at,  i. 
425 ;  treatment  of  scums,  i.  420  ;  of 
abstrich,  i.  428,  429 ;  composition 
of  lead  from,  before  and  aftei-  de- 
silverisation,  i.  444,  445  ;  refining 
process  at,  i.  450  ;  native  silver  at, 
i.  406  ;  silver  glance  found  at,  i.  406  ; 
miargyrite  at,  i.  466  ;  proustite  at, 
i.  467  ;  polybasite  at,  i.  467  ;  pro- 
duction of  work-lead  alloys  from 
silver  ores,  i.  474  et  neq.  ;  leading  of 
.silver  matte,  i.  489  :  hand-pattin- 
sonisingat,  i.  5W8-51(» ;  zinc  desilver- 
ising  process  at,  i.  532  ;  liijuatiim  of 
zinc  scums  at,  528,  536  ;  Pattinson 
and  ziiic  dcsilverising  processes  com- 
bined, i.  501  ;  furnace  for  cupellation 
of  argentiferous    lead,    i.    570,    575, 
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o76  ;  process  of  cupellatioii,  i.  .")S], 
;")82,  ^SS  ;  retining  blicksilhei-  at,  i. 
598  ;  Ijarrel-amalgaination  at,  i.  689  ; 
silver  extraction  })roeess  at,  i.  (il)8- 
610  ;  amalgaiu  retorts  used  at,  i. 
704,  705  ;  Augiistin  process  at,  i. 
713  ;  extraction  of  gold  in  dry  way 
at,  i.  764  ;  reef-gold  at,  i.  757  ;  gold- 
I'etining  at,  i.  858,  868  tt  acq.  ; 
(Tersteiduifer  furnaces  used  for  cal- 
cining zinc  l)lendeat,  ii.  41  ;  neutral- 
isation of  sulphur  acids  at,  ii.  53  ; 
manufacture  of  sulphuric  anhydride, 
ii.  75  ;  niutHes  at,  ii.  131  ;  (Siemens 
furnaces  for  zinc  distillation  used  at, 
ii.  157,  168  ;  older  furnaces,  ii.  159, 
160 ;  extraction  of  zinc  from  lead 
ores,  ii.  237  ;  occurrence  of  cadmium 
in  zinc  ores  of,  ii.  243  ;  extraction 
of  bismuth  from  litharge  at,  ii.  363, 
364  ;  leail  ores  worked  for  tin  at,  ii. 
419  ;  ai'senic  at,  ii.  475  ;  extraction 
of  arsenic,  ii.  478,  482,  487  ;  refining 
at,  ii.  488  ;  production  of  white 
ar-senic  glass,  ii.  491  ;  extraction  of 
metal  from  metallurgical  products 
at,  ii.  571  ;  production  of  '  Rohglas' 
at,  ii.  492,  493  ;  piodiiction  of  orpi- 
ment  at,  ii.  494  ;  cobalt  at,  ii.  598 

French  corral,  Nevada  Co.,  hydraulic 
mining  at,  i.  770 

Fresnillo,  Mexico,  patio  process  at,  i. 
627,  646 

Friedrichshiitte,  Tarnowitz  process  of 
lead  extraction,  i.  303-306  ;  Pilz 
furnace  at,  i.  352-354  ;  smelting  of 
residues  from  air-reduction  process 
of  lead  extraction,  i.  420  ;  hand- 
pattinsonising  at,  i.  511  ;  desilver- 
ising  by  zinc  method,  i.  524,  531  ; 
distillation  of  zinc  scums,  i.  543-545 

Fiihrfurt,  extraction  of  zinc  by  electro- 
lysis, ii.  219 


G 


Galicia,  Spain,  tin  deposits  in,  ii.  379 
Gap  mine,  Pa.,  nickel  ores  at,  ii.  508  ; 
shaft   furnaces  for  roasting   ores  at, 
ii.  520  ;  nickel  extraction  at,  ii.  574 
ej  stq. 
Gard,  antimony  in,  ii.  436 
Gastein,  Salzburg,  native  gold  in,  i.  757 
Gavrilov  works,  the,  Tomsk,  production 
of  work  lead  from  silver  ores,  i.  481, 
484  ;   leading   of    silver    mattes,    i. 
486  et  iieq. 
Gawton  mine,  Devon,  arsenic  from,  ii. 

480  ;  condensing  flue  at,  ii.  486 
Gefle,  Sweden,  nickel  at,  ii.  509 
Georgetown,    Colorado,    barrel-amalga- 
mation at,  i.  692 
Georgia,   copper  pyrites  in,    i.  14  ;  alu- 
minium in,  ii.  633,  634 


Germany,  copper  pyrites  in,  i.  14  ; 
alisence  of  chalcocite  in,  i.  14  ; 
fahlore  from,  i.  15  ;  English  pro- 
cess of  copper-smelting  in,  i.  152, 
153  ;  Anglo-(iernian  process,  i.  154  ; 
production  of  chloride  of  copper 
in  dry  way,  i.  220  ;  localities  for 
galena,  i.  282  ;  fahlore  found  in,  i. 
467  ;  native  gold  in,  i.  757  ;  localities 
for  zinc  blende  in,  ii.  13;  for  cala- 
mine, ii.  14  ;  localities  for  antimony 
in,  ii.  436  ;  nickel  coinage  in,  ii.  506  ; 
nickel  ores  in,  ii.  508  et  seg.  ;  cobalt 
in,  ii.  599 

(lisno,  Hungary,  antimony  at,  ii.  436 

(iladenbach,  nickeliferous  ores  in,  ii.  509  ; 
smelting  roasted  matte,  ii.  535  ;  re- 
fining matte  at,  ii.  540  ef  se.q.  ;  pro- 
duction of  copper-nickel  alloys,  ii. 
545  tf  stq. 

( Jladhammar,  cobalt  at,  ii.  599 

(ilasgow,  extraction  of  niclcel  from  gar- 
nierite,  ii.  555 

Glendale  zinc  works,  the.  Brown  furnace 
for  calcining  zinc  blende  used  at,  ii. 
50 

GoUnitz,  Hungary,  mercurial  fahlore  at, 
ii.  259  (see  Stephanshiitte) 

Gold  Coast,  native  gold  in,  i.  757 

Gold  River  district,  the,  hydraulic  min- 
ing at,  i.  770 

Goroblagodat,  native  gold  at,  i.  757  ; 
platinum  from,  ii.  617 

Goslar,  smelting  lead  ores  from,  i.  385, 
386,  (wert/so  Astfeld)  ;  silver  extrac- 
tion process  at,  i.  602,  603  ;  inquart- 
ation  at,  i.  851  ;  production  of  zinc 
vitriol  at,  ii.  237  at  seq.  {see  Rani- 
melsberg) 

(xould,  Montana,  Boss  system  of  pan- 
amalgamation  at,  i.  796 

(xranada,  calamine  at,  ii.  14 

Granby,  Missouri,  American  water-cooled 
hearth  at,  i.  317,  318 

Grass  Valley,  California,  amalgamation 
of  gold  in  pans,  i.  795  ;  with  amalga- 
mated jilates,  i.  797  ;  Atwood's 
amalgamators  at,  i.  799  ;  Plattner 
process  at,  i.  804 

Graupen,  Bohemia,  tin  at,  ii.  379  ;  fur- 
naces for  tin  smelting  at,  ii.  402, 
403,  409 

Great  Falls,  Montana,  electrolytical 
method  of  copper  extraction,  i.  261 

Greece,  localities  for  galena,  i.  282  ;  for 
cerussite,  i.  283  ;  zinc  blende  in,  ii. 
14  ;  calamine  in,  ii.  14  ;  aluminium 
in,  ii.  634 

Greenland,  aluminium  in,  ii.  634 

Gross-GoUnitz,  Hungary,  antimony  at, 
ii.  436  ;  extraction  of  antimony  at, 
ii.  439 

Guadalcanal,  Spain,  proustite  at,  i.  467 

(hiadalcazar,  Mexico,  cinnabar  at,  ii. 
258 
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Guatlalupe,  Bolivia,  Tina  amalgamation 

at,  i.  700 
Guaina,  Bolivia,  bismuth  at,  ii.  852 
Guanaxuato,  Mexico,  silver  glance  found 

at,  i.  4()6  ;  patio  process  at,  i.  635, 

643,  646 
Gua3-acan,    Chili,    English     process     of 

copper  smelting  at,  i.  152 
Guiana,  native  gold  in,  i.  757 
Gj-mpie    gold    fields,    native  gold   at.    i. 

757 


H 


Hall  Valley,  Colorado,  furnace  for  roast- 
ing lead  ores,  i.  334-338 

Halsbriicke,  see  Freiberg 

Hamborn,  neutralisation  of  .sulphur  acids 
from  calcination  of  zinc  blende^  ii. 
53  ;  Liebig-Eichhorn,  furnaces  at,  ii. 
65,  66  ;  sulphur  dioxide  manufac- 
tured at,  ii.  75,  76,  77,  80,  81  ;  zinc 
distillation  in  muffles,  ii.  104  ;  con- 
struction of  muffles  at,  ii.  131  ; 
Belgo-Silesian  furnaces  at,  ii.  167 

Hamburg,  Elbkupferw-erk,  near,  English 
process  of  coj^per  smelting  at,  i.  152  ; 
gold-parting  bj-  electrolysis  at,  i. 
876  ;  North  (rerman  Refinerv  at,  ii. 
625 

Haminate,  Algiers,  antimony  at,  ii.  437 

Hancock,  treatment  of  lake  copper  at,  i. 
196 

Harz  Mts.  district,  copper,  normal  heap- 
roasting,  i.  34  ;  furnaces  used  for 
smelting  calcined  copper  ores  in,  i. 
97,  98 
Dead-roasting  of  cojiper  matte  in 
heaps,  i.  114  ;  in  shaft-furnaces,  i. 
115  ;  I'efining  copper  in  spleiss 
furnaces,  i.  175,  176  ;  toughening  of 
copper  at,  i.  181  ;  solution  of  copper 
as  chloride  in,  i.  239  ;  lead-works  in, 
i.  279  ;  composition  of  lead  from, 
i.  282  ;  lead  ores  rich  in  zinc  from, 
i.  354  ;  old  lead  furnace  of,  i.  364, 
365  ;  modern  lead  furnace  of,  i.  369, 
370,  37 1 ,  374  ;  Raschette  furnaces  in 
(•see  Altenau)  ;  treatment  of  lead 
matte  in,  i.  384  ;  iron-reduction 
process  of  lead  extraction  in,  i.  397- 
404  ;  antimonial  lead  ores  from,  i. 
429  ;  dyscrasite  found  in,  i.  466  ; 
miargyrite  in,  i.  466  ;  pyrargyrite, 
i.  466  ;  leading  silver  matte,  i.  489  ; 
zinc  blende  in,  ii.  13  ;  occurrence  of 
cadmium  in  zinc  ores  of,  ii.  243  ; 
antimonv  in,  ii.  436  ;  nickel  ores  in, 
ii.  508 

Harzgerode,  nickel  ores  at,  ii.  508 

Hate,  Bohemia,  antimony  at,  ii.  436 

Haute  Loire,  antimony  in,  ii.  439 ; 
arsenic  in,  ii.  476 

Haute  Vienne,  France,  cinnabar  de- 
posits, ii.  257 


Havre,  Cordurie  process  at  Rothschild's 
works   at,    i.    550;    refining    nickel 
matte  at,  ii.  543  ct  ■•*>■(].:  extraction 
of  nickel  from  garnierite,  ii.  555 
Hayti,  platinum  in,  ii.  617 
Hebburn-on-Tyne.  furnaces   for   produc- 
tion of  chloride  of  copper  at,  i.  222- 
224 
Heiligenblut,  Carintliia,  native  gold  in, 

i.  757 
Helsingland,  nickel  ores  at,  ii.  508 
Hemilingen,    Beketofl's  method  of   alu- 
minium extraction  at,  ii.  645 
Hemixem,      Belgium,      production       of 
chloride    of    copjier    in  drv   wav,    i. 
221 
Herzog  Juliushiitte,  the,  Astfeld,  heap- 
roasting    of    lead    ores   at,   i.  324 ; 
composition    of    lead    alloys    at,    i. 
347  ;    smelting  lead    ore  at,  i.  385- 
386,    411  ;    j)roduction  of  zinc  white 
at,  ii.  226  ;  production  of  zinc  vitriol 
at,  ii.  237  et  seq. 
Hesse-Nas.saii,    zinc    blende    in,    ii.    13 ; 

cobalt  in,  ii.  599 
Hettstadt,      amalgamation     of      coj)per 
matte  at,  i.  692,  693  ;  Ziervogel  pro- 
cess at,  i.  740 
Highland  mill,  Dakota,  stamp  mills  at. 

i.  781-783 
Hoboken,  Antwerp,  refining  of  lead 
at,  i.  442 ;  desilverising  by  zinc 
method,  i.  525  ;  distillation  of  zinc 
scums,  i.  543,  546 ;  exti'action  of 
zinc  oxides  at,  i.  553-559  ;  production 
of  zinc-silver  alloy  from  work-lead, 
i.  564  ;  refining  blicksilber  by 
Roesslers  process  at,  i.  600  ;  silver 
extraction  process  at,  i.  602  ;  extrac- 
tion of  silver  bj-  electrolysis  at,  i. 
751  ;  electrolvsisof  zinc-silver  allovs, 
ii.  222 
Hohenlohe  works,  Silesia,  furnaces  for 
calcination  of  zinc  blende,  ii.  46 ; 
neutralisation  of  sulpliur  acids  in 
calcination,  ii.  55 ;  Belgo-Silesian 
furnaces  at,  ii.  152-153,  166  :  cluirge 
for  zinc  distillation  at,  ii.  161  ;  ninn- 
ber  of  muffles  Inoken  at.  ii.  172; 
refining  furnaces  at,  ii.  179-180 
Hoh'well,  Flintsliire,  English  process  of 

lead  extraction,  i.  301 
Holzappel,   Hesse-Nassau,  galena    from, 
i.  282  ;  mechanical  pattinsonising  at, 
i.  514 
Homberg,  extraction  of  zinc  1)\-  electro- 
lysis at,  ii.  219 
Homcsteiul,   manufacture  of  ferro-nickel 

by  Carnegie  Co.  at,  ii.  507 
Hoong  Hai,  China,  cinnabar  deposits  in, 

ii.  258 
Hopewell  works,  the,  Missouri,  American 

water-cDoled  licarth  at,  ii.  318 
Horowitz,     Bohemia,    cinnabar    dejiosits 
at,  ii.  257  ;  calcination  of   ciimabar 
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with    lime    or    ifoii    witlnmt    air,    ii. 

Huancliaca,  Tina  ainalganiation  at,  i. 
7U(t ;  silver  glance  at,  i.  4t)G  ;  zinc 
blende  in,  ii.  14 

Hudigswall,  Sweden,  nickel  at,  ii.  oOS 

Huelgoet,  France,  .silver  glance  found  at, 
i.  46(5 

Huel  Rock,  Cornwall,  tin  pj'rites  found 
at,  ii.  380 

Huelva,  Spain,  calcination  of  copper  ores 
for  sulphate,  i.  212 

Huitzuco,  Mexico,  cinnabar  at,  ii.  2o8 

Hungary,  fahlore  from,  i.  15 ;  galena 
from,  i.  282 ;  amalgam  found  at 
Rosenau  in,-i.  4(36;  silver  glance 
found  in,  <  i.  466  ;  pyrargyrite 
in,  i.  4(j6  ;  fahlore  found  in,  i. 
467  ;  stephauite  in,  i.  467  ;  polj'- 
basite  in,  i.  467  ;  drying  up  jirocess 
in,  i.  495 ;  zinc  blende  in,  ii.  14 ; 
mercurial  deposits  in,  ii.  255,  259  ; 
localities  for  antimony  in,  ii.  436  ; 
arsenic  in,  ii.  475-476  ;  nickel  ex- 
traction in,  ii.  559 ;  cobalt  in,  ii. 
598 


Idaho,  galena  from,  i.  282 ;  pyrargyrite 
in,  i.  466  ;  pan-amalgamation  at,  i. 
697  ;  native  gold  in,  i.  757  ;  an-astra 
amalgamation,  i.  772  ;  Huntington 
mills  used  in,  i.  774 

Idria,  Carniola,  cinnabar  at,  ii.  255-256  ; 
calomel  at,  ii.  259  ;  heap-roasting  of 
cinnabar  at,  ii.  264  ;  transport  of 
mercury  from,  ii.  266  ;  shaft  furnaces 
working  intermittentl}',  ii.  267 ; 
Bustamente  furnaces  at,  ii.  268  ; 
Idria  furnaces  at,  ii.  273-274,  276  ; 
Exeli  furnaces  at,  ii.  280  et  seq.  ; 
Langer  furnaces  at,  ii.  286  ;  Czer- 
mak  furnaces  at,  ii.  305  ;  Alberti's 
furnaces  at,  ii.  309  ;  reverberatory 
furnaces  at,  ii.  309  et  wq.  ;  shaft 
furnaces  proper,  ii.  315,  318  ;  Valalta 
furnaces,  ii.  316-317  ;  retort  fur- 
naces in,  ii.  321  ;  calcination  of  cin- 
nabar with  lime  or  iron  without 
acid,  ii.  324-326  ;  composition  of 
mercurial  soot,  ii.  330-331  ;  treat- 
of  -soot  at,  ii.  332  et  seq.  ;  general 
arrangement  of  works  at,  ii.  336  et 
seq. ;  composition  of  various  ores 
from,  ii.  337  ;  manufacture  of  arti- 
ficial cinnabar  at,  ii.  344-346 

Iglesias,  Sardinia,  hemimorphite  at,ii.  15  ; 
burning  of  calamine  in  shaft  furnaces, 
ii.  22  ;  Oxland  furnaces  used  in,  ii. 
30 

Iglo,  Hungary,  mercurial  fahlore  at,  ii. 
259 

Ildekansk,  Siberia,  cinnabar  at,  ii.  258 


lllimani,  ISolivia,  bismuth  at,  ii.  352 

Illinois,  galena  from,  i.  382 

Ilsenberg,  Harz,  extraction  of  zinc  by 
electrolysis,  ii.  221 

India,  localities  for  galena,  i.  282  ;  native 
gold  in,  i.  757  ;  stamp  uiill  amalga- 
mation in,  i.  785  ;  antimony  in,  ii. 
436 

Iowa,  galena  from,  i.  282 

Iowa  Hill  Ridge,  hj-draulic  mining  at,  i. 
769 

Ireland,  copper  pyrites  in,  i.  14  ;  copper 
kernel-roasting  in,  i.  36;  galena  from, 
i.  282 ;  platinum  in,  ii.  617  ;  alu- 
minium in,  ii.  (533 

Isbita,  amalgamation  of  gold  in  mortars, 
i.  789 

Isere,  the,  France,  cinnabar  deposits,  ii. 
257 

Iserlohn,  Fleitmann's  nickel  manufac- 
tory at,  ii.  496  ;  extraction  of  nickel 
from  garnierite,  ii.  555  ;  composition 
of  coarse  nickel,  ii.  592 

Isle  of  Man,  galena  from,  i.  282  ;  zinc 
blende  in,  ii.  14 

Italy,  copper  pyrites  in,  i.  14  ;  localities 
for  galena,  i.  282  ;  treatment  of  lead 
matte  in,  i.  384  ;  native  gold  in,  i. 
757  ;  localities  for  zinc  blende,  ii.  14  ; 
for  calamine,  ii.  14  ;  cinnabar 
deposits  in,  ii.  256-257  ;  antimony  in, 
ii.  436 

Ivitut,  (Greenland,  aluminium  at,  ii. 
634 


Jaen,  Spain,  lead  smelting  at,  i.  394 

Japan,  treatment  of  lead  matte  in,  i. 
385  ;  cinnabar  deposits  in,  ii.  258  ; 
antimony  in,  ii.  436 

Java,  cinnabar  deposits  in,  ii.  258 

Jeres  Lanteira,  Spain,  converters  used 
at,  i.  165 

Jersej'  cit}',  Passaic  zinc  works  at,  zinc- 
distillation  furnaces  at,  ii.  128  ;  ex- 
traction of  zinc  white  at,  ii.  226 

Joachim sthal,  Bohemia,  patera  process 
at,  i.  718  ;  bismuth  at,  ii.  352 ; 
extraction  of  bismuth  in  Hessian 
crucibles  at,  ii.  357  ;  nickel  extrac- 
tion at,  ii.  576  ;  composition  of 
coarse  nickel  at,  ii.  592  ;  cobalt  at, 
598 

Johann -Georgenstadt,  Saxon}',  native 
silver  at,  i.  466  ;  bismuth  at,  ii. 
352 

Johannisthal,  Carniola,  furnaces  for 
calcining  zinc  blende  at,  ii.  51  ; 
composition  of  spelter  from,  ii. 
182 

Joplin,  ISIissouri,  Jumbo  furnace  at,  i. 
316,  318  ;  extraction  of  zinc  from 
lead  ores,  ii.  235  et  seq. 
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Kaitshow,  China,  cinnabar  deposits  in, 
ii.  258 

Kamsdorf,  nickel  ores  at,  ii.  508 

Kansas  City,  smelting  lead  carbonate  at, 
i.  415  ;  liquation  of  xinc  scums,  i. 
538  ;  silver  extraction  process,  i.  602 

Kapnik,  Hungary,  production  of  work- 
lead  alloys  from  silver  ores,  i.  475- 
478  ;  leading  of  silver  matte,  ii.  489, 
491  ;  cupellation  of  argentiferous 
lead,  i.  582  ;  silver  extraction  process 
at,  i.  611  ;  Augustin  process  at,  i. 
709  kt  8e.q.  ;  treatment  of  silver 
sulphide  at,  i.  732 ;  arsenic  at, 
ii.  475 

Kara,  R.,  native  gold  in,  i.  757 

Karabach,  Transcaucasia,  copper  stall- 
roasting  in,  i.  39  ;  krummofen  used 
in,  i.  96 

Kaschau,  amalgamation  of  black  copper 
at,  i.  694 

Katar,  Karabach,  krummofen  used  at,  i. 
96 

Kattowitz,  Hohenlohe  works  near,  fur- 
naces for  calcination  of  zinc  blende 
at,  ii.  46  ;  neutralisation  of  sulpliur 
acids  from  calcinaticm  of  zinc  lilende, 
ii.  54-55 

Kaward,  Karabach,  krummofen  used  at, 
i.  96 

Kedabeg,  Caucasus,  copper  kernel  roast- 
ing at,  i.  36 ;  roasting  <A  copper 
lines  at,  i.  52 ;  older  furnaces  in  use 
at,  i.  98  ;  composition  of  copper 
mattes  at,  i.  Ill;  production  of 
coarse  copper  at,  i.  119-120  ;  German 
process  of  copper  smelting  at,  i.  123  ; 
impui'ities  in  refined  copper  from,  i. 
194;  copper  retining  at,  i.  195; 
electrolytical  method  of  copper 
extraction,  i.  26(J 

Kefoun,  Algeria,  galena  from,  i.  282 

Keld  Head,  smelting  of  residues  of  air 
reduction  process  for  lead,  i.  419 

Kerpenj-es,  amalgamation  of  gold  in 
mortars,  i.  789  ;  Hungarian  mills  at, 
i.  791 

Kilkivan,  Queenslaml,  cirniabar  deposits 
at,  ii.  258 

Kishtimsk,  native  gold  at,  i.  757 

Klausen,  impurities  in  refined  copper  of, 
i.  179 

Klefva,  Sweden,  nickel  at,  ii.  508  ;  heap 
roasting  of  nickel  ores  at,  ii.  517-519; 
furnaces  for  smelting  nickel  ores  at, 
ii.  524-525  iJ,  .scq.  ;  refining  nickel 
matte  at,  ii.  541  nt  stq.  ;  jnoduction 
of  coppernickelalloys,ii.  545;  extrac- 
tion of  nickel  from  metallurgical 
products,  ii.  572  ;  composition  of 
coarse  nickel,  ii.  592 

Kilnigshiitte,  production  of  chloride  of 
copper  in  dry  waj',    i.  221  ;  muflie 


furnaces  used  for,  i.  235  ;  Claudet"s 

jirocess,  i.  739 
Kokomo,  Colorado,   pvritic  smelting  at, 

i.  166,  167 
Kolm    Saigiirn,     Munktell's    process    of 

clilorination  used  at,  i.  815 
KongsV^erg,   Norway,    native    silver   at, 

i.  465  ;  leading  in  crucildes,  i.  473  ; 

production  of  work-lead  from  silver 

ores,   i.  480,  481  ;    leading  of  silver 

mattes,  i.  486  tt  ntq.  ;  cinnabar  at, 

ii.  257  ;  arsenic  at,  ii.  475 
Krageroe,    Norway,    nickel  at,    ii.  509  ; 

heap-roasting  of  nickel  ores  at,   ii. 

517-519  ;  smelting  nickel  ores  at,  ii. 

525  tl  Htq. 
Kremnitz,     Hungarj*,    Huntington    gold 

amalgamation   mills  used  at,  i.  776  ; 

gold  refining  at,  i.  857  e'  ><i:q.  ;  anti- 
mony at,  ii.  436 
Kreuzberg,  Nagvbanya,  Hungarian  mills 

at,  i.  791 
Kunigunde    works,   Silesia,    the    charge 

for  zinc  distillation  at,  ii.  161 
Kuschvinsk,  Altai  Mts.,  jjlatinum  at,  ii. 

617 
Kweiyang,  China,  cinnabar  near,  ii.  258 


La  Cruz,  Argentine  Rep.,  cinnabar  at, 
ii.  258 

Lake  Superior,  native  copper  from,  i.  13, 
169;  copper  refining  at,  i.  182,  184, 
185  ;  copper  from,  used  for  electrical 
purposes,  i.  194;  impurities  in  refined 
copper  from,  i.  194  ;  native  silver  in, 
i.  466 

La  Lincoule,  extraction  of  antimonv  at, 
ii.  441 

Lancaster  Gap  mine,  Pa.,  nickel  at,  ii. 
509 

Landsberg,  Bavaria,  calcination  of  cinna- 
bar with  lime  or  iron  without  air,  ii. 
324 

Langelslieim,  heap-roasting  of  lead  ores 
at,  i.  324  ;  conijjosition  of  lead  slags, 
i.  347  ;  ticatment  of  lead  matte,  i. 
384  ;  smelting  lead  ore  at,  i.  385- 
386  ;  silvei'  extraction  process  at,  i. 
602-603 

Langesund  Fiord,  Norway,  nickel  at,  ii. 
509 

Langlaagte  estate,  Transvaal,  Mac- 
Arthur-Forrest  gold  extraction 
process  at,  i.  833 

Lao  Mts. ,  India,  galena  from,  i.  282 

La  Pise,  France,  composition  of  lead  slag 
from,  i.  348  ;  treatment  of  lead  matte 
at,  i.  384 

Lapland,  English  process  of  copper 
smelting  at,  i.  152  ;  platinum  in,  ii. 
617 

La  Salle,  Illinois,  furnaces  for  calcining 
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zinc  Meiiile  at,  ii.  47  ;  Haas  furnaces 
at,  ii.  ~'.i  ;  retorts  at,  ii.  lU.)  ;  zinc 
distillation  furnaces  at,  ii.  Ill,  121, 
124,  129 

Launceston,  charges  for  smelting  tin- 
stone, ii.  898 

Lauriuni  (Laurion),  burning  of  calamine 
in  shaft  furnaces,  i.  22  ;  galena  from, 
i.  282  ;  cerussite  from,  i.  288  ;  com- 
position of  ancient  slags  from,  i.  42U  ; 
calamine  at,  ii.  14 

Lautenthal;  Harz,  iron  reduction  process 
of  lead  extraction  at,  i.  397  et  se.q.  ; 
furnaces  used  at,  i.  398-401 ;  smelting 
lead  matte  at,  i.  494  tf  st-.q. ;  smelting 
litharge  at,  i.  42;5 ;  treatment  of 
abstrich  at,  i.  427-429  ;  composition 
of  lead  before  refining,  i.  435-440  ; 
after  refining,  i.  442  ;  hand-pattinson- 
ising  at,  i.  oOo,  506,  507  ;  desilveris- 
ing  by  zinc  method,  i.  525-527,  531  ; 
li(|uation  of  zinc  scums  at,  i.  537  ; 
treatment  of  desilverised  lead,  i.  538  ; 
o.xidation  of  zinc  scums  at,  i.  551  ; 
extraction  of  zinc  oxides  at,  i.  553, 
56U  ;  proiluction  of  zinc-silver  alloy 
from  work-lead,  i.  564  ;  furnace  for 
cupellation  of  argentiferous  lead,  i. 
570,  571-574;  process  of  cupellation, 
i.  583,  584;  refining  blicksilber  at, 
i.  590  ;  by  Russler's  process,  i.  600  ; 
silver  e.vtraction  process  at,  i.  602 ; 
reef  gold  at,  i.  757  ;  gold  refining  at, 
i.  858  et  xeq.  ;  electrolysis  of  zinc  and 
silver  alloys,  ii.  222 

Leadville,  Colorado,  galena  from,  i.  282  ; 
cerussite  from,  i.  282,  283  ;  smelting 
of  lead  carVjonate  from,  i.  413,  414  ; 
horn  silver  at,  i.  467 

Leghorn,  converters  used  at,  i.  166 

Lehigh,  Pa.,  burning  of  calamine  in 
shaft  furnaces,  ii.  22 ;  zinc  distilla- 
tion furnaces  at,  ii.  128  ;  composi- 
tion of  spelter  from,  ii.  182  ;  extrac- 
tion of  zinc  white  at,  ii.  226  ; 
Wetherill's  furnaces  used  at,  ii.  228 
et  >seq. 

Lend,  Salzlmrg,  composition  of  refined 
copper  of,  i.  179 

Leogang,  nickel  ores  at,  ii.  508  ;  stall- 
roasting  at,  ii.  559  ;  smelting  roasted 
nickel  ore  at,  ii.  563,  567 

Letmathe,  Westphalia,  reverberatory 
furnaces  for  burning  calamine,  ii.  26, 
27  ;  pyrites  burners  for  calcining 
zinc  blende,  ii.  40  ;  Liebig-Eichhorn 
furnace  at,  ii.  65;  gases  from  retorts 
for  zinc  distillation  at,  ii.  85  ;  Belgo- 
Silesiaii  furnaces  at,  ii.  164 

Lettowitz,  Silesia,  fireproof  clay  from, 
ii.  93 

Levant  mine,  Cornwall,  arsenic  from,  ii. 
480 

Lexington  mill,  Montana,  Stetefeldt, 
furnaces  at,  i.  680,  687,  698,  700 


Liege,  zinc  distillation  furnaces  used  at, 
ii.  112,  121 

Lillehammer,  Xorway,  nickel  ores  at,  ii. 
508 

Limoges,  native  mercury  near,  ii.  255 

Linares,  galena  from,  i.  282  ;  cerussite 
from,  i.  283  ;  English  process  of 
lead  extraction,  i.  300 

Linz,  on  the  Rhine,  wet  copper  extraction 
process  at,  i.  199,200  ;  extraction  of 
antimony  at,  ii.  460 

Lipine,  furnaces  for  burning  calamine  at, 
ii.  32  ;  pyrites  burners  for  calcining 
zinc  blende,  ii.  40  ;  furnaces  for 
calcining  zinc  blende  at,  ii.  46  ; 
Hasenclever-Helbig,  furnaces  at,  ii. 
59,  60,  61  ;  Hasenclever  furnaces  at, 
ii.  69,  70  ;  the  Kiihler  furnace  at,  ii. 
74 ;  sulphur  dioxide  manufactured 
at,  ii.  75,  77-81  ;  Belgo-Silesian 
furnaces  at,  ii.  165  ;  zinc  refining 
at,  ii.  181,  182  ;  composition  of  zinc 
fumes  at,  ii.  183  ;  electrolysis  of  zinc 
ores  at,  ii.  212  ;  extraction  of  cad- 
mium at,  ii.  244,  245 

Liptau,  Hungary,  extraction  of  antimony 
at,  ii.  444 

Lipto  Szt  Xiklos,  Hungary,  composition 
of  refined  antimony  from,  ii.  467 

Littai,  Carniola,  calcination  of  cinnabar 
with  lime  or  iron,  ii.  3i6,  327,  328 

Liverpool,  -s^f  St.  Helens 

Lixa,  Portugal,  method  of  antimony  ex- 
traction at.  ii.  470 

Lolling,  Carinthia,  bismuth  at,  ii.  352  ; 
arsenic  at,  ii.  476 

Lohe,  Siegen,  leading  silver  matte,  i.  486 

Lombardy,  zinc  blende  in,  ii.  14 

London,  Millers  process  of  gold  parting 
used  at  the  mint,  i.  847,  848 

Losonez,  Hungarj',  extraction  of  nickel 
from  arsenical  ores  at,  ii.  559 

Lota,  Chili,  English  process  of  copper 
smelting  at,  i.  152  ;  converter  process 
at,  i.  166 

Loyse,  Peru,  native  silver  at,  i.  466 

Lydognia  works,  the,  Silesia,  cadmium 
present  in  zinc  from,  ii.  3 

Lyonnais,  antimony  in,  ii.  436 
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Magdeburg-Bruckau,  the  Gruson  Com- 
pany of ,  electro-metallurgical  method 
of  copper  extraction  at,  i.  252-256 

Magurka,  Hungary,  antimony  at,  ii. 
436  ;  extraction  of  antimony  at,  ii. 
439,  444,  459 

Majdanpec,  Servia,  heap  -  roasting  of 
copper  pyrites  for  sulphate,  i.  213, 
214 

Malaga,  Spain,  nickel  ores  in,  ii.  509 

Malay,  gold  prospectors'  pans  used  in,  i. 
760 ;    tin  in,    ii.    379  ;    tin   smelting 
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furnaces     in.    ii.     403    (sfce     Straits 
Settlements) 
Malboce,  extraction  of  antimony  at,  ii. 

4.39,  441 
Malla-Malla  Mts.,  galena  from,  i.  282 
Manhattan,    Stetefeklt,    furnaces   at,    i. 
688  ;  treatment  of  mercurial  soot  at, 
ii.  334 
Manilla,  enargite  from,  i.  15 
Mansfeld,    copper  pyrites    from,    i.    14  ; 
bornite  from,    i.    14  ;    treatment  of 
kupferschiefer,    i.    38  ;    composition 
of  slags  from,    i.    9U,    91  ;    circular 
furnaces  at,  i.    92,  93,  100,  101  ;  hot 
blast   used   at,    i.    93  ;    forehearths 
used    at,    i.    95  ;    copper    furnaces 
formerly  in  use  at,  i.  97  ;  process  of 
smelting    at,  i.    110;    Gerstenhofer 
furnaces  at,   i.    11(5;  composition  of 
coarse    copper   from,    i.    IIS;    com- 
position of  diinnstein   from,  i.  119; 
composition  of  slags  in   production 
of  coarse  copper,  i.  119  ;  composition 
of  kniest  at,  i.   121  ;  composition  of 
slags  in  German  concentration  pro- 
cess,  i.    122  ;  smelting  coarse  metal 
at,  i.  142  ;  Anglo-German  process  of 
copper  smelting    at,    i.     154,     155 ; 
copper  refining  at,  i.    174,    179,181, 
183,    184,   197  ;    composition   of   re- 
fined copper,  i.    194;   electrolytical 
method  of  copper  extraction,  i.  260  ; 
treatment    of    copper   flue   dust,    i. 
422  ;  silver  in  the  copper  schist  of, 
i.  468  ;  Augustin  process   at,  i.  708 
et  seq.  ;    extraction   of   nickel    from 
slags  at,  ii.  587 
Marseilles,  works  of  Hilarion  Roux  and 
Co.,  electi'olytical  method  of  copper 
extraction,  i.  260  (see  p]scallotte) 
Marysville,  Montana,  stamp  mills  at,  i. 
782,  784,   785  ;   amalgamation  Mith 
amalgamated  plates,  i.  797 
Massachusetts,  aluminium  in,  ii.  634 
Matto  Grosse,  Brazil,  platinum  at,ii.  617 
Maudling    works,  Austria,    nickel   ores 

smelted  at,  ii.  567 
Mazarron,   Spain,    lead    smelting   at,    i. 

394  ;  refining  of  ore  from,  i.  442 
Mechernich,  composition  of  galena  from, 
i.  282  ;  furnaces  for  roasting  lead 
ores  at,  i.  334,  338  ;  composition  of 
slag  from  smelting  works  at,  i.  347  ; 
composition  of  lead  matte  from,  i. 
381,  382;  treatment  of  lead  matte 
at,  i.  384;  lead  smelting  at,  i.  390; 
composition  of  ore,  i.  390  ;  distilla- 
tion of  zinc  scums,  i.  540 
Melinot,  near  St.  L6,  native  mercury  at, 

ii.  255 
Melrose,  California,  patera  process  at,  i. 

719 
Mexico,  copper  pyrites  in,  i.  14  ;  galena 
from,  i.  282  ;  treatment  of  lead  matte 
in,  i.  385  ;   lead  carljonates  from,  i. 


414 ;  native  silver  in,  i.  466  ;  silver 
glance  in,  i.   466  ;  miargyrite  in,  i. 

466  ;  pyrargyrite  in,  i.  466  ;  stepha- 
nite  in,  i.  467  ;  polybasite  in,  i.  467; 
horn  silver  in,  i.  467  ;  bromite  in,  i. 

467  ;  iodite  in,  i.  468  ;  amalgamation 
process  of  silver  extraction,  i.  6M 
et  seq.  ;  Cazo  process,  i.  618  ;  Patio 
process,  i.  625  et  ntq.  ;  Boss  process, 
i.  675  ;  gold  prospectors'  pans  used 
in,  i.  76(t  ;  zinc  blende  in,  ii.  14 ; 
cinnabar  dejjosits  in,  ii.  258  ;  onofrite 
and  coccinite  in,  ii.  259  ;  tin  in,  ii. 
379  ;  antimony  in,  ii.  436,  437  ; 
platinum  in,  ii.  617 

Meymac,  France,  bismutli  ochre  deposits 
at,  ii.  352  ;  treatment  of  ores  from, 
ii.  360,  362 

Miask,  Altai  Mts.,  native  gold  in,  i.  757  ; 
platinum  at,  ii.  617 

Michaelsberg,  Boliemia,  antimony  at,  ii. 
436 

Michigan,  native  copper  from,  i.  13 ; 
native  silver  in,  i.  466 

iMieres.  Spain,  ciiinaljar  at,  ii.  257 

Milleschau,  Bohemia,  antimony  at,  ii. 
436  ;  extraction  of  antinK)ny  at,  ii. 
439  ;  refining  of  antimonv,  ii.  463, 
465 

Minas  Geraes,  platinum  at,  ii.  617 

Mirow,  clajf  for  vessels  for  zinc  reduction 
from,  ii.  91 

Missouri,  galena  from,  i.  282 ;  introduc- 
tion of  new  lead-extraction  ])rocess, 
i.  290  ;  water-cooled  American  hearth 
used  in,  i.  314 ;  zinc  blende  in,  ii. 
14 ;  calamine  in,  ii.  14  ;  hemimor- 
pliite  in,  ii.  14;  impurities  in  spelter 
from  works  in,  ii.  182  ;  extraction  of 
zinc  white  in,  ii.  226  et  seq.  ;  cobalt 
in,  ii.  598,  599 

Mittelsteine,  Silesia,  claj'-shale  from,  ii. 
166 

Moabit,  Kaiser,  electrolytical  method  of 
copper  extraction,  i.  260 

Mons,  Belgium,  the  Bleyl)erg  lead  ex- 
traction process  at,  i.  306-308 

Montana,  copper  pyrites  in,  i.  14  ;  copper 
stall-roasting  in,  i.  39,  40;  Spence 
furnaces  used  at,  i.  62,  63  ;  fixed  re- 
verl)eratory  copper  furnaces  at,  i. 
71  ;  qiuirtz  used  as  smelter-bed  in, 
i.  131  ;  English  process  of  copper 
smelling  in,  i.  153 :  electrolytical 
method  of  copper  extraction,  i.  261  ; 
galena  from,  i.  282  ;  treatment  of 
lead  matte  in,  ii.  384  ;  combination 
])rocess  of  silver  extraction  in,  i. 
(i74  ;  native  gold  in,  i.  757  ;  arrastra 
auialgamation,  i.  772 ;  Huntington 
mills  used  in,  i.  774  ;  stamp  mills  in, 
i.  782.  784,  785  ;  Boss  system  of  pan- 
amalgamation  in.  i.  796  ;  amalgama- 
tion with  amalgamated  ])lates,  i. 
797  ;  antimony  in,  ii.  43'! 
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Monte  Aiuiata,  Tusc^iiny,  cinnabar  de- 
posits at,  ii.  liali  ;  calcination  of 
cinnabar  with  iron  or  lime,  ii.  826- 
328,  329 

Montebras,  Creuse,  tin  at,  ii.  379 

Montefiore,  shaft-furnaces  for  burning 
calamine  at,  ii.  23 

Monteponi,  Ferrari's  furnace  for  burning 
cahimine  at,  ii.  20-28  ;  Oxland 
furnace  used  at,  ii.  30 

Montpellier,  native  mercury  and  calomel 
at,  ii.  255 

Moresnet,  burning  of  calamine  in  shaft 
furnaces,  ii.  22 ;  in  reverl)eratory 
furnaces,  ii.  31  ;  zinc  distillation  in 
retorts,  ii.  104 ;  Liege  furnaces  at, 
ii.  113,  114  ;  gas-fired  furnaces  with 
regenerators  at,  ii.  120 

Morriston,  zinc-distillation  retorts  at,  ii. 
106  ;  furnaces  at,  ii.  114,  115,  116 

Morro  Velho,  Brazil,  rotating  barrel  gold 
amalgamation  at,  i.  790 

Moscliellandsberg,  Palatinate,  amalgam 
found  at,  i.  466  ;  native  amalgam 
found  at,  ii.  255  ;  cinnaVmr  deposits 
at,  ii.  257  ;  calomel  at,  ii.  259 

Moss,  Norway,  nickel  at,  ii.  509 

Motte  mine,  Missouri,  cobalt  at,  ii.  599 

Mount  Bischoff,  Tasmania,  tin  at,  ii. 
379  ;  charges  for  smelting,  ii.  398 

Mount  Corv  mill,  Nevada,  patera  process 
at,  i.  719 

Mount  Morgan,  Queensland,  native  gold 
at,  i.  757  ;  I'lattner  process  at,  i. 
806 ;  Sutton's  process  of  gold  chlorin- 
ation,  i.  815  ;  Newbery-Vautin  pro- 
cess of  chlorination,  i.  816  ;  Tliies 
process,  i.  817  ;  precipitation  of  gold 
from  chlorine  solution,  i.  819  ft/  stq. 

Miihlbach,  Salzburg,  German  process  of 
copper  smelting  and  matte  concen- 
tration, i.  124  ;  bauxite  at,  ii.  633 

Miihlheim,  zinc-distillation  in  retorts,  ii. 
104 

Miinsterbach,  Stolberg,  distillation  of 
zinc  scums,  i.  543  ;  furnaces  for 
calcination  of  zinc  blende  at,  ii. 
46  ;  Hasenclever  furnaces  at,  ii. 
69 ;  gases  from  retorts  in  zinc  dis- 
tillation at,  ii.  85  ;  manufacture  of 
muffles  at,  ii.  109,  131  ;  Belgo-Si- 
lesian  furnaces  at,  ii.  146,  170  ;  loss 
of  zinc  in  distillation,  ii.  171  ;  num- 
ber of  muffles  broken  at,  ii.  172 

Miisen,  treatment  of  lead  matte  at,  i. 
384  ;  Rothenbach  works  near,  pro- 
duction of  work -lead  alloys  from 
silver  ores,  i.  475,  480  ;  leading  silver 
ores  at,  i.  489,  494  ;  cupellation  of 
argentiferous  lead,  i.  583 

Miissen,  cobalt  at,  ii.  599 

Midden  works,  Freiberg,  Gerstenhiifer 
furnaces  used  at,  ii.  41  ;  manufacture 
of  sulphuric  anhydride,  ii.  75  (see 
Freiberg) 


Murcia,  Spain,  treatment  of  lead  matte 
in,  i.  384,  394  ;  smelting  of  oxidised 
lead  ores  in,  i.  413 

Mysore,  Colar  goldtields  of,  pan-amalga- 
mation at,  i.  796 


N 


Nagyag,  Siebenbiirgen,  compounds  of 
gold  with  tellutium,  i.  758 

Nagybania,  copper  pyrites  from,  i.  14  ; 
heap-roasting  of  copper  ores,  i.  34 ; 
Designolle's  amalgamation  process  at, 
i.  702  ;  Kiss  process  at,  i.  733;  ex- 
traction of  gold  in  dry  way  at,  i.  763  ; 
Hungarian  mills  at,  i.  791  ;  anti- 
mony at,  ii.  436 

Namur,  Belgium,  clay  for  vessels  for 
zinc-reduction  from,  ii.  91 

Nanzenbach,  nickel  ores  at,  ii.  508 

Nassau,  aluminium  in,  ii.  633 

Natoye,  Belgium,  cla}'  for  vessels  for 
zinc-reduction  from,  ii.  91 

Naxos,  (jfi'eece,  aluminium  at,  ii.  634 

Nebi'aska,  ate  Omaha 

Neumarktel,  Carniola.  cinnabar  at,  ii. 
257  ;  extraction  of  mercury  in  shaft- 
furnaces,  ii.  315 

Neumiihl-Hamborn  works,  Oberhausen, 
Belgo-Silesian  furnaces  at,  ii.  168 

Neurode,  fire-proof  clay  from,  ii.  93,  131 

Neusohl,  composition  of  copper  speiss  at, 
i.  Ill  :  extraction  of  antimony  at, 
ii.  444 

Nevada,  galena  from,  i.  282 ;  Arent's 
syphon  tap  used  in  lead  smelting 
works  of,  i.  356  ;  treatment  of  lead 
matte  in,  i.  385  ;  combined  iron- 
reduction  process — smelting  oxidised 
lead  ores,  i.  412 ;  native  silver  in, 
i.  466;  silver  glance  in,  i.  466;  pyra- 
gyrite  in,  i.  466  ;  proustite  in,  i.  467 ; 
Washoe  process  in,  i.  659,  671 ;  Boss 
process,  i.  675  ;  Patera  process  in, 
i.  719  ;  native  gold  in,  i.  757  ;  stamp 
niill  amalgamation  in,  i.  785 ;  anti- 
mon}'  in,  ii.  436 

Nevada  city,  California,  calcination  of 
goM  ores  in,  i.  8U9  ;  precipitation 
from  chloride  solution,  i.  825 

Nevjansk,  Altai  Mts. ,  platinum  at,  ii.  617 

New  Almaden,  California,  cinnabar  de- 
posits in,  ii.  257  ;  antidotes  to  mer- 
curial poisoning  at,  ii.  264  ;  shaft  fur- 
naces working  intermittently,  ii.  267  ; 
externallv  fired  furnaces  at,  ii.  276  ; 
Exeli  furnaces  at,  ii.  280,  282,  286  ; 
Hiittner  and  Scott  furnaces,  ii.  293 
e.t  xfxj. ;  Livermore  furnaces  at,  ii.  305 ; 
treatment  of  mercurial  soot  at,  ii. 
332,  334 

Newark,  New  Jersey,  electrolytical 
method  of  copper  extraction,  i.  261  ; 
desilverising  by  zinc  method,  i.  524  ; 
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liquation  of  zinc  scums,  i.  538;  dis- 
tillation of  zinc  scums,  i.  540 ;  cu- 
pellation  process  at,  i.  592 ;  zinc 
distillation  furnaces  at,  ii.  128 ; 
extraction  of  zinc  white  at,  ii.  220 

New  Brunswick,  extraction  of  antimony 
at,  ii.  447,  448,  451,  453 

New  Caledonia,  composition  of  coarse 
nickel,  ii.  592;  cobalt  in,  ii.  599; 
extraction,  ii.  603 

Newcastle,  N.S.W.,  extraction  of  zinc 
by  electrolysis,  ii.  219 

Newcastle-on-Tvne,  Messrs.  Cooksonand 
Co.'s  works  at,  i.  312;  Rozan  process 
at,  i.  518 

Newfoundland,  copper  pyrites  from,  i.  14 

New  (iranada,  platinum,  ii.  617 

Newldria,  California,  cinnabar  deposits 
in,  ii.  257 

New  Jer.sey,  Orford  furnaces  used  in, 
i.  104  ;  impurities  in  zinc  from,  ii. 
3,  4  ;  zinc  blende  in,  ii.  14  ;  calamine 
in,  ii.  14;  hemimorphite  in,  ii.  15; 
willenn'te  in,  ii.  15  ;  zincite  in,  ii. 
15  ;  franklinite  in,  ii.  15 ;  extrac- 
tion of  zinc  white,  ii.  226  tt  ><bq. 

New  Mexico,  malachite  from,  i.  13 ; 
azurite  from,  i.  14  ;  chalcocite  fi-om, 
i.  14  ;  smelting  of  oxidised  and  acid 
copper  ores  in,  i.  167  168  ;  galena 
from,  i.  282  ;  Huntington  gold-amal- 
gamation mills  used  in,  i.  774 

New  South  Wales,  copper  pyrites  from, 
i.  Ii  ;  galena  from,  i.  282;  smelting 
lead  carbonate  in,  i.  415,  416;  native 
gold  in,  i.  757;  zinc  blende  in,  ii.  14; 
bismuth  deposits  in,  ii.  352  ;  tin 
deposits  in,  ii.  379  ;  antimony  in,  ii. 
436  ;  platinum  in,  ii.  607 

New  York,  galena  from,  i.  282  ;  Rossie 
furnace  used  in,  i.  313;  gold  refining 
at  the  mint,  i.  856,  857  H  ^tq. 

New  Zealand,  native  gold  in,  i.  757  ; 
stamp  mill  amalgamation  in,  i.  785  ; 
Mac  Arthur-Forrest  gold-extraction 
process,  i.  840  ;  cinnabar  deposits  in, 
ii.  258  ;  antimony  in,  ii.  436  ;  pla- 
tinum in,  ii.  607 

Nicaragua,  antimcjny  in,  ii.  43() 

Nikitowka,  Russia,  cinnabar  at,  ii.  255, 
256  ;  arrangement  of  works  at, ii.  341 

Nishni-Tagilsk,  Ural  Mts.,  Skinder  fur- 
nace used  at,  i.  107,  108  ;  impurities 
in  copper  from,  i.  194  ;  platinum  at, 
ii.  617 

North  Bloomfield  mine,  California,  hy- 
draulic mining  at,  i.  769 

Norway,  copper  pyrites  in,  i.  14  ;  copper 
heap-roasting  in,  i.  27,  30-34,  36,  37, 
114;  production  of  chloride  of  copper 
from  ores  of,  i.  221  ;  galena  from, 
i.  282  ;  native  silver  at  Kongsberg 
in,  i.  465 ;  pyrargyritc  in,  i.  466 ; 
native  goUl  in,  i.  757  ;  ciiniabar  de- 
posits  in,  ii.  257  ;  bismutii  deposits 


in,  ii.  352  ;  arsenic  in,  ii.  475  ;  nickel 

in,  ii.  508  ;  cobalt  in,  ii.  599 
Noumea,  New  Caledonia,  extraction    of 

nickel  from  garnierite,  ii.  554. 
Nova  iScotia,  native  gold  in,  i.  757. 
Nussieres,  occurrence  of  cadmium  with 

zinc  from,  ii.  243 


() 


OaklaM<b  (Jalifornia,  extraction  of  anti- 
mony at,  ii.  454,  462,  463 

Oberhausen,  furnaces  for  calcination  of 
zinc  blende,  ii.  46,  48-50 ;  Hasen- 
clever-Helbig,  furnace  at,  ii  62 ; 
Haas  furnaces  at,  ii.  73 ;  Belgo- 
Silesian  furnaces  at,  ii.  167  ;  treat- 
ment of  Swedish  ores  for  mercury,  ii. 
342 

Oberschlema,  Saxony,  barrel  amalgama- 
tion at,  i.  695  ;  treatment  of  bisnuxth 
ores  at,  ii.  353,  357  ;  separation  of 
nickel  and  cobalt  at,  ii.  602 

Offenbanya,  Siebenbiii-gen,  compounds  of 
gold  with  tellurium  at,  i.  758 

Oker,  copper  pyrites  burners  used  at,  i. 
46,  47,  49  ;  kilns  at,  i.  51,  52  ;  fixed 
reverberatory  copper  furnaces  at,  i. 
71  ;  Hasenclever  mulUe  furnaces 
at,  i.  83,  84  ;  composition  of  slags 
from,  i.  90 :  circular  siiaft  furnaces 
at,  i.  92,  93,  98 ;  composition  of  copper 
mattes  at,  i.  Ill  ;  calcination  of 
copper  matte  at,  i.  115;  concentra- 
tion of  matte  at,  i.  121  ;  composition 
of  spiirstein  at,  i.  121  ;  composition 
of  slag  from  concentration  process  at, 
i.l22  ;  composition  of  (copper)  coarse 
metal  at,  i.  142;  composition  of 
^vhite  metal  at,  i.  143  ;  Anglo- 
German  process  of  copper  smelting 
at,  i.  154-158  ;  copper  refining  at,  i. 
178,  179,  197,  198  ;  production  of 
chloride  of  copper  in  dry  way,  i. 
221,  222  ;  furnaces  used  at,  i.  224, 
225  ;  composition  of  ores  treated 
for  copper  chloride,  i.  225-227  ; 
arrangement  of  works  at,  i.  228, 
229 ;  solution  of  copper  as  ciilo- 
ride,  i.  238-240 ;  precipitation  of 
copper  from  chloride,  i.  242,  243, 
246  ;  composition  of  cement  copper 
from,  i.  246  ;  electrolytical  method 
of  copper  extiaction  at,  i.  260  ; 
efficiency  of  Siemens  and  Halske 
dynamos  at,  i.  265  ;  arrangement 
of  baths  at,  i.  265,  266,  267  ;  kilns 
for  roasting  lead  ores  at,  i.  328, 
329 ;  composition  of  lead  matte 
from,  i.  382  ;  treatment  of  lead 
mattes,  i.  383 ;  iron  slags  from, 
used  in  lead  smelting,  i.  385  ;  de- 
silvcring  by  zinc  metliod,  i.  524  ; 
relining  blicksiil)er  at,  i.  599  ;  silver 
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extraction  process  at,  i.  603-608 ; 
Clau(let"s  process,  i.  739 ;  treat- 
ment of  l)licksilber  for  gold  at,  i. 
844  ;  gold  refining  at,  i.  860,  861, 
866  et  stq. 

Oldbiirj-,  aluminium  works  at,  ii.  640 

Oleknia  R.,  native  gold  in,  i.  757 

Olpe,  nickel  ores  at,  ii.  508 

Omaha,  Neljraska,  calcination  of  copper 
matte  in  Uriickner  furnace,  i.  116; 
furnaces  for  calcination  of  coarse 
metal  at,  i.  ]4(t  ;  lead  refining  at,  i. 
452,  453 ;  desilverising  by  zinc 
method,  i.  524,  533  ;  liquation  of 
zinc  scums,  i.  537  ;  treatment  of 
desilverised  lead,  i.  539  ;  cupellation 
process  at,  i.  592,  594 

Omaperesee,  New  Zealand,  ciimaljar 
deposits  at,  ii.  258 

Ontario,  calcination  of  gold  ore  in,  i. 
809  (.sx-e  Sudbury) 

Oporto,  antimony  at,  ii.  436 

Oregon,  native  gold  in,  i.  757  ;  arrastra 
amalgamation,  i.  772 ;  Huntington 
mills  used  in,  i.  774  ;  extraction  of 
gold  In*  bromine,  i.  827  ;  nickel  ores 
in,  ii.  509  ;  platinum  in,  ii.  617 

Ore  Knob,  U.S.A.,  calcination  of  copper 
ores  for  copper  oxide,  i.  216  ;  solu- 
tion of  copper  as  oxide,  i.  236 

Orford  works,  nickel  refining  at,  ii.  593 

Oro  Preto,  Brazil,  cinnabar  at,  ii.  258 

Oruro,  Bolivia,  bismuth  at,  ii.  3.52  ;  tin 
at,  ii.  379 

Ossa,  Krohnke  process  at,  i.  622 


Palatinate,  amalgam  found  at  Moschel- 

landsljerg  in  the,  i.  496 
Panucillo,     Chili,    English     process     of 

copper  smelting  at,  i.  152 
Par,  Cornwall,  roasting  of    tinstone  at, 

ii.  386 
Paranagra,  Brazil,  cinnabar  at,  ii.  238 
Parenos,  jSIexico,  miaigyrite  at,  i.  466 
Paris,  parting  of  gold  b}-  sulphuric  acid 

at,  i.  853 
Passaic    zinc    works,   the,  Jersej-    city, 

zinc  distillation  furnaces  used  at,  ii. 

128 ;   composition   of   spelter   from, 

ii.  182  ;  production  of  zinc- white  at, 

ii.  231. 
Pedemal,  Mexico,  cinnabar  at,  ii.  258 
Pengelh,   Cornwall,   nickel   ores   at,    ii. 

508" 
Pennsjdvania,  impurities  in  zinc  from,  ii. 

3 ;  zinc  blende  in,  ii.   14 ;    calamine 

in,  ii.  14  ;  hemimorphite  in,   ii.    15  ; 

extraction    of   zinc- white,  ii.   226  cf 

seq.  ;  nickel  ores  in,  ii.  508  et  seq. 
Perak.  Malaj*,  tin-smelting  furnaces  at, 

ii.'  403-405,  406,  410 
Perm,     Russia,     cuijrite    from,    i.     13 ; 


smelting  of  cupriferous  sandstones 
at,  i.  167 

Perth  Andjoy,  New  Jersey,  fire-proof 
clay  from,  ii.  92 

Pertusola,  near  >Spezzia,  treatment  of 
matte  at,  i.  384  ;  smelting  of  litharge 
at,  i.  424 

Peru,  copper  pjTites  from,  i.  14  ;  ata- 
camite  and  enargite  from,  i.  15 ; 
native  silver  in,  i.  466  ;  silver  glance 
in,  i.  466  ;  horn  siher  in,  i.  467  ; 
amalgamation  process  of  silver  ex- 
traction, i.  614  et  ><tq.  ;  Cazo  process, 
i.  618  ;  Patio  process,  i.  625  et  -seq.  ; 
native  gold  in,  i.  757  ;  tin  in,  ii. 
379  ;  bismuth  deposits  in,  ii.  352  ; 
cinnabar  deposits  in,  ii.  258 

Peru,  near  La  Salle,  Siemens  gas-fired 
zinc  distillation  furnace  used  at,  ii. 
124 

Pestarena,  native  gold  at,  i.  757 

Petit  Querilly,  nickel  extraction  at,  ii. 
578  ;  extraction  of  cobalt  at,  ii.  603 

Pfannenstiel,  Saxony,  treatment  of  bis- 
muth ores  at,  ii.  353  ;  nickel-refining 
at,  ii,  592 

Philadelphia,  inquartation  at,  i.  851, 
852  ;  nickel-refining  in,  ii.  592 

Philipsburg,  Montana,  pan-amalgama- 
tion at,  i.  697 

Phtenixhiitte,  Hungary,  composition  of 
diinnstein  from,  i.  119 

Phoenixville,  circular  shaft -furnaces  used 
at,  i.  103  ;  Hunt-Douglas  copper 
process  at,  202,  203 

Plan  Castagnajo,  Monte  Amiata,  cin- 
nabar deposits  at,  ii.  256 

Piedmont,  zinc  blende  in,  ii.  14 

Pine  Flat,  the  Missouri  mine  at,  retort 
furnaces  for  mercury  extraction 
used  at,  ii.  322  ;  calcination  of  cin- 
nabar with  iron  or  lime  without  air, 
ii.  324 

Piriac,  Brittany,  tin  at,  ii.  379 ;  slag 
from  ores  from,  ii.  398 ;  composi- 
tion of  pure  tin  from,  ii.  417 

Pitkaranta,  Finland,  tin  deposits  at,  ii. 
379 

Pittsburg,  Pa.,  treatment  of  native  cop- 
per at,  i.  169,  185,  186,  196 ;  de- 
silverising  by  zinc  method,  i.  524  ; 
liquation  of  zinc  scums,  i.  538  ;  gold 
parting  by  electi'olj'sis  at,  i.  874 
et  seq. 

Poland,  calamine  in,  ii.  14 

Pontgil)aud,  galena  from,  i.  282  ;  treat- 
ment of  lead  matte  at,  i.  384 

Porco,  Bolivia,  tin  at,  ii.  379 

Port  Pirie,  N.S.W.,  smelting  of  lead 
carbonate  at,  i.  416  ;  refining  of  lead 
at,  i.  450,  451,  452;  jiroduction  of 
work-lead  allovs  from  silver  ores,  i. 
474  ;  zinc  desilverising  process,  i. 
533 ;  liquation  of  zinc  scums,  i. 
536,  537 ;  treatment  of  desilverised 
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lead,  i.  538  ;  distillation  of  zinc 
scums,  i.  543 ;  cupellation  process, 
i.  594 

Portugal,  copper  p\rites  in,  i.  14  ;  pro- 
duction of  chloride  of  co])per  in  dry 
way,  i.  22(t,  221  ;  tin  deposits  in,  ii. 
379  ;  antimony  in,  ii.  430,  47U 

Potosi,  Bolivia,  miargjrite  at,  i.  466 ; 
tin  at,  ii.  379  ;  bismuth  at,  ii.  352 

Poidlaouen,  Brittany,  Frencii  process  of 
lead-extraction  at,  i.  308,  309  ;  pro- 
duction of  silver-lead  alkn^s  in  lead 
baths-,  i.  474  ;  composition  of  tin- 
stone slag  from,  ii.  398 

PraA'on,  double  furnaces  for  zinc  distilla- 
tion at,  ii,  118 

Prussia,  coljalt  in,  ii.  598 

Przibram,  Bohemia,  fortscliaufelungs- 
ofen  in  use  at,  i.  332,  333 ;  com- 
position of  lead  slag  from  smelting 
works  at,  i.  347  ;  furnaces  at, 
i.  368,  369,  370 ;  composition  of 
lead  matte  from,  i.  381,  382  ;  roast- 
ing lead  matte  at,  i.  383,  384  ;  lead 
smelting  at,  i.  391,  392  ;  composition 
of  lead  ores,  i.  391  ;  refining  furnaces 
at,  i.  443,  444;  older  forms  of ,  i.  446, 
447,  450  ;  composition  of  refined  lead 
from,  i,  450  ;  miargyrite  at,  i.  466  ; 
Rozan  process  at,  i.  516,  517-519; 
furnace  for  cupellation  of  argenti- 
ferous lead,  i.  570,  575  ;  jirocess  of 
cupellation,  i.  581,  582,  585,  586  ; 
refining  blicksilber,  i.  598 ;  occur- 
rence of  cailmium  with  zinc  from,  ii. 
242,  243  ;  antimony  at,  ii.  436,  437. 

Puel>lo,  Colorado,  Philadelphia  smelting 
works  near,  i.  412-414  ;  leading  of 
silver  mattes,  i.  486  tf  >itq.  ;  liquation 
of  zinc  scums,  i.  538 

Pulaski,  Virginia,  Bertha  works  at, 
zinc  distillation  furnaces  used  at,  ii. 
1 29  ;  composition  of  spelter  from,  ii. 
183 

Puy  de  Dome,  arsenic  in,  ii.  476 


Q 


Quebec,  sec  Sherbrooke. 

<^uebradillas  mine,  Zacatecas,  Patio 
process  at,  i.  646. 

<^ueensland,  copper  pyrites  from,  i.  14  ; 
galena  from,  i.  282  ;  natix'e  gold  in, 
i.  757  ;  direct  cyanidation  process 
in,  i.  839,  840  ;  bismutli  deposits  in, 
ii.  352  ;   tin  in,  ii.  379 

Querbach,  (Silesia,  coljalt  at,  ii    599 


R 


Raibl,  (Jarintiiia,  Carinthian   process  of 

lead  extraction  at,  i.  29<l 
RauRc,  antimonj-  extraction  at,  ii.  444 


Rammelsberg,  copper  pyrites  from,  i.  14, 
45  ;  coi)per  ores  of,  roasted  at  Oker, 
i.  46  ;  smelting  of  copper  oies  of,  i. 
155-158  ;  composition  of  ores,  i.  156  ; 
smelting  of  lead  ores  from,  i.  385, 
386  ;  reef- gold  at,  i.  757  ;  production 
of  zinc  vitriol  from,  ii.  237  fr/  "tq. 

Ramsbeck,  Westphalia,  galena  from,  i. 
282;  treatment  of  lead  matte,  at,  i. 
384 

Rauris,  Salzburg,  native  gold  at,  i.  757. 

Ravaspatak,  amalgamation  process  at,  i. 
702 

Recke  Works,  the,  near  Roszdin,  pyrites 
burners  for  calcining  zinc  blende  at, 
ii.  40  ;  furnaces  for  calcining  zinc 
blende  at,  ii.  46  ;  Hasenclever-Helbig 
furnaces  at,  ii.  61,  62;  Hasenclever 
furnaces  at,  ii.  69,  70  ;  composition 
of  spelter  from,  ii.  182 

Redington,  California,  intermittent  shaft- 
furnaces  at,  ii.  267  ;  externally  fired 
fuimaces  at,  ii.  276;  Knox  furnaces 
at,  ii.  289-292  ;  Livermore  furnaces 
at,  ii.  303-305  ;  treatment  of  mer- 
curial soot  at,  ii.  332 

Redruth,  Cornwall,  Insmuth  at,  ii.  352 

Reichenstein,  reef-gold  at,  i.  757  ;  arsenic 
at,  ii.  476  ;  extraction  of,  ii.  479, 
481,  4S2,  486  ;  production  of  '  rohglas' 
at,  ii.  492,  493  ;  orpiment,  ii.  494  ; 
nickel  ores  at,  ii.  509  ;  Plattner 
process  at,  i.  804  ;  clilorination  of 
gold  ore  at,  i.  810 

Remagen,  Prussia,  Tubalkaiu  works  near, 
English  process  of  copper  smelting 
at,  i.  152,  153 

Reno,  Stetefeldt  furnaces  at,  i.  688 

Rewdansk,  Ural  Mountains,  nickel  ores 
at,  ii.  509 

Rhine,  native  gold  in,  i.  757  ;  platinum 
in  sands  of,  ii.  617 

Rhine  Provinces,  zinc  blende  in,  ii.  13; 
calamine  in,  ii.  14 ;  Hasenclever- 
Helbig  furnaces  used  in,  ii.  59  ;  muffle 
furnace  for  zinc  distillation  used  in, 
ii.  97,  98,  103,  104,  137,  146  ft  xcq.  ; 
loss  of  zinc  in  distillation,  ii.  170  ; 
mercurial  dejjosits  in  the  zinc  ores 
of,  ii.  259 

Ribas,  Spain,  ar.senic  witli  gold  at,  ii. 
476  ;  extraction  of,  ii.  479,  487,  491  ; 
production  of  '  rohglas  '  at,  ii.  492, 
493 

Riddle  station.  Oregon,  nickel  ores  at, 
ii.  509 

Riechelsdorf,  Germany,  nickel  ores  at, 
ii.  508  ;  cobalt  at,"ii.  598,  599 

Ringerick,  Norway,  iiickel  at,  ii.  509  ; 
lieap  roasting  of  nickel  ores  at,  ii. 
517,  519  ;  smelting  nickel  ores  at,  ii. 
525  ttt  seq.  ;  refining  matte  at,  ii. 
541 ;  y)roducts  of  cojiper-nickel  alloys, 
ii.  546  '/  s/q.  ;  extraction  of  nickel 
from  metallurgical  jjroduets,  ii.  572 
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Kio  Tinto,  copper  pyrites  from,  i.  14  ; 
formation  of  chloride  of  copper  by 
Diltsch  j)rocess,  i.  217,  218,  237  ; 
solution  of  copper  as  sulphate  at,  i. 
23(i ;  jjrecipitation  of  copper  from 
eupric  sul])hate,  i.  240,  241;  from 
chloride  of  copper,  i.  242,  245  ; 
composition  of  cement-copper  from, 
i.  245  ;  copper  ores  from,  i.  45 ; 
precipitatioTi  of  sulphide  of  copper 
at.  i.  20'J,  212  ;  refining  of  cement 
copper,  i.  247 

Ripa,  Lucca,  Italy,  cinnabar  deposits  at, 
ii.  257 ;  extraction  of  mercurj'  in 
shaft-furnaces,  ii.  315 

Rochlitz,  Riesengebirge,  attempted  lix- 
iviation  of  copper  by  means  of 
ferrous  chloride,  i.  204. 

Rodna,  Transylvania,  furnace  for  roasting 
lead  ores  at,  i.  338 

Roros,  copper  pjrites  from,  i.  14  ;  copper 
heap-roasting  in,  i.  27,  30-34,  36,  37  ; 
composition  of  slags  from,  i.  90,  119  ; 
matte  bessemerised  at,  i.  159;  Stal- 
man  converter  used  at,  i.  166 

Rome,  New  York,  extraction  of  silver  by 
electrolysis  at,  i.  750 

Rosenau,  Hungary,  amalgam  found  at, 
i.  466  ;  native  amalgam  found  at, 
ii.  255 ;  mercurial  fahlore  at,  ii. 
259  ;  antimony  at,  ii.  436  ;  ex- 
traction of  antimony  at,  ii.  439, 
444 

Rossie,  furnaces  for  lead  extraction  used 
at,  i.  313,  314,  317 

Roszdin,  Paul  works  near,  reverberatory 
furnaces  for  burning  calamine  used 
at,  ii.  27 ;  Recke  works,  pyrites 
burners  for  calcining  zinc  blende  at, 
ii.  40  ;  furnaces  for  calcining  zinc 
blende  at,  ii.  46  ;  Hasenclever  fur- 
naces, ii.  69,  70  ;  construction  of 
muffles  at,  ii.  132  ;  Belgo-Silesian 
furnaces  at,  ii.  167  ;  Siemens  furnaces, 
ii.  169 

Rothenbach  works,  the,  Miisen,  pro- 
duction of  work-lead  alloys  from 
silver  ores,  i.  475,  480  ;  leading  of 
silver  matte,  i.  489-494 ;  cupella- 
tion  of  argentiferous  lead  at,  i. 
583 

Rouen,  Maletra's  works  at,  i.  59  ;  me- 
chanical pattinsonising  at,  i.  512 

Ruda,  native  gold  in,  i.  757  ;  Laszlo 
amalgamators  used  at,  i.  792 

Russia,  cuprite  in,  i.  13  ;  copper  pyrites 
in,  i.  14;  ehalcocite  in,i.  14;  Skinder 
furnaces  in,  i.  92  ;  dead-roasting  of 
copper  matte  in  heaps,  i.  14  ;  local- 
ities for  galena,  i.  282  ;  native  gold 
in,  i.  757  ;  gold-Mashers  in,  i.  762 ; 
localities  for  zinc  blende  in,  ii. 
14  ;  calamine  in,  ii.  14  ;  tinstone  de- 
posits in,  ii.  379  ;  cobalt  in,  ii. 
599 


S 


Saalfeld,  cobalt  at,  ii.  599 

Saarau,  clay  for  zinc-reduction  vessels 
from,  ii.  91  ;  clav  for  nuiHles  from, 
ii.  131 

Sagmyrna,  Sweden,  nickel  at,  ii.  509; 
heap-roasting  of  nickel  ores  at,  ii. 
517,  519  ;  furnaces  for  smelting 
nickel  ores  at,  ii.  524,  525,  tt  atq. 

Sagor,  Austria,  composition  of  spelter 
from,  ii.  182 

St.  Agnes,  Cornwall,  bismuth  oclire  at, 
ii.  352  ;  tin  pyrites  found  at,  ii.  380 

St.  Andreasberg,  Harz,  combined  roast- 
ing and  reduction  and  iron  reduction 
process  of  lead  extraction  at,  i.  410  ; 
dyscrasite  foun<l  at,  i.  466  ;  miar- 
gyrite  at,  i.  466  ;  pyrargyrite  at,  i. 
466  ;  proustite  at,  i.  4(i7  ;  pi)lyl>asite 
at,  i,  467  ;  pi'oduction  of  silver-lead 
alloys  in  lead  baths,  i.  473,  474  ;  pro- 
duction of  work-lead  alloys,  i.  474  tt 
neq.  ;  process  of  cupellation  of  argen- 
tifei'ous lead, i.  584;  silver-extraction 
process  at,  i.  611  ;  extraction  of  gold 
in  drj'  way  at,  i.  764  ;  litharge  con- 
taining bismuth  produced  at,  ii.  364  ; 
arsenic  at,  ii.  475  ;  extraction  of 
arsenic,  ii.  482  ;  production  of  white 
arsenic  glass  at,  ii.  490;  nickel  ores 
at,  ii.  508 

St.  Annathal,  Carniola,  extraction  of 
mercury  at,  ii.  315,  317,  318 

St.  Au-.tell,  Cornwall,  nickel  ores  at,  ii. 
508 

St.  Benoit,  Liege,  extraction  of  nickel 
from  speiss,  ii.  586 

St.  Blasien,  nickeliferous  ores  in,  ii.  509  ; 
smelting  roasted  matte,  ii.  534 

St.  Denis,  France,  electrolysis  of  zinc 
ores  at,  ii.  210  ;  extraction  of  nickel 
from  roasted  matte,  ii.  582,  585 

St.  Helens,  Liverpool,  advantages  of 
English  process  ot  copper  smelting 
at,  i.  23,  126  ;  Macdougall  furnace 
discarded  at,  i.  65  ;  English  process 
of  copper  smelting  at,  i.  152 

St.  Leonard,  Belgium,  zinc  distillation 
in  retorts  at,  ii.  104 

St.  Louis,  Marseilles,  French  process 
of  lead-extraction  at,  i.  308  ;  Rozan 
process  at,  i.  515,  516,  518 

St.  Louis,  U.S.A.,  electrolytical  method 
of  copper  extraction,  i.  261  ;  gold 
pai'ting  b}'  electrolysis  at,  i.  874  tt 
seq.  ;  Brown  furnace  for  calcining 
zinc  blende  used  at,  ii.  50 

St.  Louis,  Obispo,  California,  cinnal>ar 
deposits  at,  ii.  257  ;  fire-proof  clay 
from,  ii.  92;  zinc  distillation  fur- 
naces at,  ii.  129 

St.  Marie-aux-Mines,  ai'senic  at,  ii.  475 

St.  Martin,  Spain,  pvromorphite  from,  i. 
283 


684: 


GEOGRAPHICAL    TXDEX 


St.  Michel,  Savoj',  aluiiiiiiiuin  extraction 
at,  ii.  654 

St.  Petersburg,  gold-parting  by  sulphur 
at  tiie  mint  of,  i.  846  ;  gold-parting 
bj"  electrolysis  at,  i.  876 

St.  Sebastian,  galena  from,  i.  282 

Sala,  Sweden,  Sulu  furnaces  used  at,  i. 
97  ;  cinnabar  at,  ii.  257 

Salindres,  aluminium  works  at,  ii.  638 

Salt  Lake  city,  Hanau  Works  near,  water- 
jacket  furnaces  at,  i.  358  ;  Briickner 
furnace  for  masting  lead  matte  at,  i. 
383 

Salvena,  Monte  Amiata,  cinnabar  de- 
posits at,  ii.  256 

Salzach  Valley,  see  Bischofsliofen 

Salzburg,  native  gold  in,  i.  757  ;  bismuth 
at,  ii.  352 

San  Antonio  del  Potrero  Grande,  Chili, 
bismuth  at,  ii.  352 

San  Domingo,  platinum  in,  ii.  617 

San  Francisco,  inquartation  at,  i,  851, 
852;  gold  refining  at,  i.  857,  860  et 
mq . 

Sangerhausen,  sand  ore  from,  i.  142  ; 
nickel  ores  at,  ii.  508  ;  smelting  of 
Kupfernickel  at,  ii.  562 

San  Jacinto,  California,  lead  smelting 
at,  i.  394  ;  smelting  tinstone  at,  ii. 
399 

San  Onofre,  Mexico,  onofrite  deposits 
at,  ii.  259 

Santa  Barbara,  California,  cinnabar  de- 
posits at,  ii.  257 

Santa  Catherina,  Brazil,  cinnabar  at,  ii. 
258 

Santa  Cruz,  Peru,  cinnabar  at,  ii.  258 

Santa  Fe  de  Bogota,  cementation  at,  i. 
847 

Santander,  zinc  blende  at,  ii.  14  ;  cala- 
mine at,  ii.  14  ;  Indrozincite  at,  ii. 
15  ;  distillation  vessels  used  at,  ii. 
92  ;  cinnaV)ar  at,  i'.  257 

Santa  Rita,  native  copjier  from,  i.  13  ; 
cuprite  from,  i.  13 

Santo  Paulo,  Brazil,  cinnabar  at,  ii.25S 

Santo  Tome,  Argentine  Republic,  cinna- 
bar at,  ii.  258 

Sardinia,  galena  from,  i.  282  ;  anglesite 
from,  i.  283  ;  zinc  l)lendc  in,  ii.  14  ; 
calamine  in,  ii.  14  ;  hemimorphite  in, 
ii.  14 

Sargues,  see  Eguillas 

Savoj-,  aluminium  extraction  in,  ii.  654 

Saxony,  native  silver  in,  i.  466;  silver 
glance  found  in,  i.  146;  miargyrite 
in,  i.  466 ;  steplianite  in,  i.  467  ; 
tin  deposits  in,  ii.  379  ;  spiirofen  in, 
ii.  411  ;  reliningof  tin,  ii.  413  ;  com- 
positif)n  of  )jure  tin  from,  ii.  417  ; 
bismuth  de|)osits  in,  ii.  352  ;  liqua- 
tion of  bisnuitii  in,  ii.  369  ;  com- 
])()sition  of  ])urilied  l)isnnith  from,  ii. 
373;  col)alt  in,  ii.598;  smalt  works, 
jnoduction  of  smalt  at,  ii.  610 


Schemnitz,  Pilz  furnace  at,  i.  3.52,  354  ; 
Arents  tap  applied  to,  i.  357  ;  Si- 
berian hearth  used  in,  i.  424  ;  poly- 
basite  at,  i.  467  ;  production  of 
work-lead  allojs  from  silver  ores,  i. 
47iefseq.  ;  cupellation  of  argentifer- 
ous lead,  i.  585,  586 ;  Designolle's 
amalgamation  process  at,  i.  702  ;  ex- 
traction of  gold  in  (hy  waj'  at,  i. 
763  ;  Huntington  mills  at,  i.  776  ; 
Hungarian  mills  at,  i.  790,  791  ; 
treatment  of  telluride  gold  ores,  i. 
827  ;  gold  refilling  at,  i.  858  et  seq.  ; 
antimony  at,  ii.  436 

Schladming,  arsenic  at,  ii.  476  ;  nickel 
ores  at,  ii.  508,  510  ;  stall  roasting, 
ii.  559  ;  production  of  raw  nickel  at, 
ii.  568  ;  production  of  crude  nickel 
at,  ii.  570  ;  composition  of  coarse 
nickel,  ii.  592 

Schlaggenwald,  Bohemia,  tin  deposits 
at,  ii.  379 ;  composition  of  crude 
tin  from,  ii.  406  ;  composition  of  slag 
from,  ii.  412 ;  composition  of  pure 
tin  from,  ii.  417 

Schleiz,  Germany,  extraction  of  antimony 
at,  ii.  460 

SchmuUnitz,  copper  pyrites  from,  i.  14  ; 
composition  of  speiss  at,  i.  Ill  ; 
Hungarian  furnaces  for  copper  refin- 
ing at,  i.  176  ;  toughening  of  copper 
at,  i.  181  ;  treatment  of  cement 
waters  at,  i.  210;  refining  blicksilber 
bj-  Roessler's  process,  i.  600  ;  Patera 
process  at,  i.  718 

Schneeberg,  native  silver  at,  i.  466  ;  bis- 
muth at,  ii.  352  ;  treatment  of  ores 
from,  ii.  353  ;  Plattner  furnace  at, 
ii.  3.55,  356  ;  nickel  ores  at,  ii.  508  ; 
extraction  of  nickel  from  roasted 
matte,  ii.  582,  585  ;  cobalt  at,  ii. 
598,  599 

Schonberg,  Bohemia,  antimonv  at,  ii. 
436 

Schoppinitz,  Silesia,  Tarnowitz  process 
of  lead  extraction,  i.  303,  306 

Schwaizenberg,  Saxonv,  bismuth  at,  ii. 
352 

Scopello,  Piedmont,  extraction  of  nickel 
from  smelting  products  at.  ii.  581  ; 
separation  of  nickel  and  cobalt  at,  ii. 
602 

Scotland,  galena  from,  i.  282  ;  bismuth 
deposits  in,  ii.  352  ;  nickel  ores  in, 
ii.  508 

Senday,  .lapan,  cinnabar  at,  ii.  258 

Senegal,  aluminium  in,  ii.  633 

Sensa,  Algiers,  antimony  at,  ii.  437 

Septcmes,  antimony  at,  ii.  436  ;  extrac- 
tion of,  ii.  447,  451,  454  ;  refining  of, 
ii.  4()2  ;  extraction  of  nickel  from  gar- 
nicrite  at,  ii.  o')'> 

Seraing,  Belgium,  ferro-nickel  made  at, 
ii.  506 

Serajewo,  Bosnia,  antimony  at,  ii.  43 
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Servia,  ciiinaliar  fmiml  in,  ii.  •JoT  ;  aiiti- 

iiiony  in,  ii.  4.S(i 
Sherbrooke,    Qucl)ec,  sulphurou.s  copper 

ore;  fi'om,  i.  45 
Shropshire,  galena  from,  i.  '282  ;  process 
of  extraction,  i.  297  301  ;  zinc  Ijleiule 
in,  ii.  14 
iSiani,  tin  in,  ii.  87!) 

Siberia,  azurite  from,  i.  14  ;  copper 
refineries  of,  i.  183  ;  native  goltl  in, 
i.  757  ;  gold  amalgamation  in  ro- 
tating barrels,  i.  790  ;  stromeyerite 
found  in  Altai  Mts. ,  i.  466  ;  zinc 
blende  in,  ii.  14  ;  cinnabar  de- 
posits in,  ii.  258 ;  tin  deposits  in, 
ii.  379  ;  bismuth  ochre  deposits  in, 
ii.  352 
Siebenburgen,  Hunt-Douglas  copper 
process,  i.  204 ;  native  gold  in,  i. 
757  ;  compounds  of  gold  with  tellu- 
rium, i.  758  ;  stamp  mill  amalgama- 
tion, i.  785,  789  ;  amalgamation  in 
moi'tars,  i.  789  ;  Laszlo  amalgamators 
used  in,  i.  792 
Siegen,  galena  from,  i.  282;  nickel  ores 

at,  ii.  508  ;  colialt  at,  ii.  599 
Siele,     !Monte    Amiata,     calcination     of 
cinnabar  with  iron  or  lime,  ii.  326- 
328 
Siena,  Tuscany,  extraction  of  antimony 
at,  ii.  447,  448,  451  ;  refining  anti- 
mony at,  ii.  463,  466 
Sierra  Mojada  Mountains,  Mexico,  lead 

carbonate  from,  i.  414 
Sierra  Nevada,  .see  California 
Silesia,  galena  from,  i.  282  ;  impurities  in 
zinc  from,  ii.   3  ;  zinc  blende  in,  ii. 
13 ;   calamine  in,    ii.     14  ;   crushing 
zinc  ores   in,    ii.    21  ;  double-bedded 
furnaces    for   calcining    zinc  blende 
used  in,   ii.   45  ;  Hasenclever-Helbig 
furnaces  used  in,  ii.  59,  62  ;  clay  for 
vessels  for  zinc    reduction  from,   ii. 
91,    103,  104  ;   muffles  for   zinc  dis- 
tillation,    ii.     130.    131  ;    furnaces, 
ii.    146    e^      seq.  ;    loss    of     zinc    in 
distillation,    ii.    170 ;    extraction   of 
cadmium  in  zinc  oi'es  from,  ii.  '243  ; 
extraction   of   cadmium   in,   ii.    244 
ft  seq.  ;  arsenic  in,  ii.  475  ;  Victoria 
works    in,    production    of     copper- 
nickel  alloys,  ii.  547  ;  extraction  of 
nickel  in,  ii.  582-585 
Skutterud,  cobalt  at,  ii.  599 
Smaland,  Sweden,  nickel  at,  ii.  508 
Smj'rna,  cinnabar  deposits  in,  ii.  258 
Snailbeach,  Shrewsbury,  English  process 

of  lead  extraction,  i.  302 
Snaruni,  Norway,  nickel  at,  ii.  509 
Sonora,  Mexico,  antimony  at,  ii.  437 
Sophienhiitte,  -see  Frau  Sophienhiitte 
Sorata,  Bolivia,  bismuth  at,  ii.  352 
Southam,  Canada,  antimony'  at,  ii.  437 
South   Crofty    mine,    Cornwall,    arsenic 
from,  ii.  480 


Spain,  opper  pyrites,  i.  14  ;  converters 
u.sed  in,  i.  165  ;  imjniritie.s  in  refined 
copper  of,  i.  194  ;  production  of 
chloride  of  copper  in  dry  way,  i.  220, 
221  ;  localities  for  galena,  i.  282 ;  for 
cerussite,  i.  283  ;  for  anglesite,  i. 
283  ;  for  pyromorphite,  i.  283  ;  treat- 
naent  of  lead  matte  in,  i.  384  ;  lead 
smelting  in,  i.  394  ;  pyrargyrite  in, 
i.  466  ;  pi'oustite  in,  i.  467  ;  gold 
amalgamation  in  rotating  barrels  in, 
i.  790  ;  zinc  blende  in,  ii.  14  ;  local- 
ities for  calamine  in,  ii.  14  ;  hemi- 
morphite  in,  ii.  15 ;  heap  and  stall 
roasting  of  calamine  in, ii.  22 ;  burning 
calamine  in  shaft-furnaces  in,  ii.  24  ; 
distillation  vessels  used  in,  ii.  92 ; 
distillation  in  retorts,  ii.  104  ;  cinna- 
bar deposits  in,  ii.  257  ;  tin  deposits 
in,  ii.  379;  antimony  in,  ii.  4.36;  nickel 
in,  ii.  509  ;  cobalt  in,  ii.  599;  plati- 
num in,  ii.  617 

Spezzia,  Bruckner's  furnace  used  for 
roasting  lead-ores  at,  i.  339 

Spring  Valley,  California,  hydraulic 
mining  at,  i.  767  et  seq. 

Stadtberge,  Westphalia,  electrolytical 
method  of  copper  extraction,  i.  260  ; 
copper  refining  at,  i.  185,  187  ;  copper 
extraction  by  sulphuric  acid  at, 
i.  200  ;  by  hydrochloric  acid,  i.  201, 
207,  218-220  ;  solution  of  copper 
as  chloride,  i.  237  .•  precipitation  of 
copper  from  chloride,  i.  242  ;  refining 
of  cement  copper,  i.  247 

Stahlberg,  zinc  distillation  in  muffles,  ii. 
104 

Stassfurt,  "  Abraumsalz  "  from,  i.  10, 
226 

Stephanshiitte,  GoUnitz,  copper  stall 
roasting  at,  i.  38,  39  ;  dead  roasting 
of  copper  matte  at,  i.  114  ;  composi- 
tion of  coarse  copper  from,  i.  118  ; 
German  process  of  copper  smelting 
at,  i.  124  ;  copper  refining  at,  i.  178, 
179  ;  electrolytical  metliod  of  copper 
extraction,  i.  260 ;  amalgamation 
of  black  copper  at,  i.  693  ;  extraction 
of  antimony  at,  ii.  460,  461 

Stiperstones,  Salop,  lead  extraction  at, 
i.  297-301 

Stolberg,  Rhenania  Co.  of,  muffle  furnaces 
used  by,  i.  84  ;  galena  from,  i.  282  ; 
French  process  for  lead  extraction, 
i.  ,308  ;  treatment  of  lead  matte  at, 
i.  384;  hand-pattinsonisingat,  i.  510  ; 
mechanical  pattinsonising  at,  i.  512  ; 
neutralisation  of  sulphur  acids  from 
calcination  of  zinc  blende,  ii.  54  ; 
Hasenclever  furnaces  at,  ii.  69,  70, 
73  ;  sulphuric  anhydride  manu- 
factured at,  ii.  75 ;  Siemens  zinc 
distillation  furnaces  at,  ii.  170  ;  loss 
of  zinc  in  distillation,  ii.  171 

Stourbridge,  fireproof  clay  from,  ii.  93 
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Straits  Settlements,  smelting  tinstone 
in,  ii.  399.  40(1 

Stratford,  Vermont,  eircular  shaft-fur- 
nace at,  i.  103 

Struthiitten,  near  Siegen,  electrolytical 
method  of  copper  extraction,  i.  2(i<) 

Styria,  bisnnitli  deposits  in,  ii.  3.52 ; 
arsenic  in,  ii.  476 

Sudbury,  Ontario,  "V"'  method  of 
copper  heap-roasting  at,  i.  34  ;  nickel 
ores  at,  ii.  508-510  ;  heap-roasting  of 
nickel  ores,  ii.  517,  519  ;  smelting 
nickel  oies  at,  ii.  523  et  seq.  ;  refin- 
ing nickel  matte  at,  ii.  543  ;  platinum 
at,  ii.  616 

Sulphur  ])ank,  California,  cinnabar 
deposits  in  the  fumaroles  of,  ii.  255, 
257,  258 

Sumatra,  ciimabar  deposits  in,  ii.  258  ; 
tin  in,  ii.  379 

Sunderland  mine,  the,  Livermore  fur- 
naces at,  ii.  .305 

Sutter  Creek,  California,  calcination  of 
gold  ore  at,  i.  808 

Swansea,  advantages  of  English  process 
of  copper  smelting  at,  i.  23,  126 ; 
composition  of  sea-sand  used  as 
smelter  bed  at,  i.  131 ;  smelting 
coarse  metal  for  coarse  copper,  i. 
147  ;  English  process  of  copper 
smelting  at,  i.  152  ;  converter  process 
in  use  at,  i.  166  ;  precipitation  of 
sulpiiide  of  copper,  i.  209  ;  electro- 
lytical method  of  copper  extraction, 
i.  260  ;  Ziervogel  process,  i.  742  ; 
impurities  in  zinc  from,  ii.  3  ;  Gers- 
tenhiifer  furnaces  used  for  calcin- 
ing zinc  blende  at,  ii.  41  ;  zinc  distilla- 
tion furnaces  at,  ii.  114,  115,  116; 
production  of  zinc  oxide  at,  ii. 
235 

Sweden,  copper  pyrites  in,  i.  14  ;  copper 
stall-roasting  in,  i.  42  ;  Sulu  furnaces 
used  in,  i.  97  ;  process  of  smelting 
in,  i.  110;  dead  roasting  of  copper 
matte  in  heaps,  i.  1 14  ;  refining 
furnaces  in,  i.  182  ;  production  of 
chloride  of  copper  in  dry  way.  i. 
220,  221  ;  galena  from,  i.  282  ;  local- 
ities for  zinc  blende  in,  ii.  14  ;  cinna- 
bar deposits  in,  ii.  257 ;  l)ismuth 
ileposits  in,  ii.  352  ;  tinstone  deposits 
in,  ii.  379 

Sweden,  arsenic  in,  ii.  476  ;  nickel  in,  ii. 
509  ;  cobalt  in,  ii.  .>98,  .")99 

Switzerland,  Carinthian  process  of  lead 
extraction  at,  i.  290 

Sydney,  Miller's  process  of  gold-parting 
used  at  the  mint,  i.  847,  849 ; 
charges  for  tin  smelting  at,  ii. 
398 

Szczakowa,  Silesia,  fireproof-clav  from, 
ii.  93,  131 

Szlana,  Hungary,  mercurial  fahlore  at, 
ii.  2.59 


T 


Tagil,  Siberia,  native  gold  at,  i.  757 

Tajowa,  Xeusohl,  Augustin  process  at, 
i.  709 

Tarnowitz,  treatment  of  lead  matte  at, 
i.  384 

Tasmania,  copper  j)vrites  from,  i.  14; 
galena  from, i. 282;  lead  smelting  pro- 
cess in,  i.  412  ;  tin  tleposits  in,  ii.  379 

Tasna,  Bolivia,  bisnuith  at,  ii.  .3.52 

Teboul,  Algeria,  galena  from,  i.  282 

Tennessee,  melaconite  from,  i.  13 ; 
copper  pyrites  in,  i.  14  ;  calamine  in, 
ii.  14 

Teptjares,  the,  native  gold  in,  i.  757 

Texas,  chalcocite  from,  i.  14  ;  cinnabar 
deposits  in,  ii.  258  ;  nickel  ores  in, 
ii.  509 

Tharsis,  copper  pj-rites  from,  i.  14 ; 
solution  of  copper  as  sulphate  at, 
i.  236  (sv-e  af-10  Tharsis  Sulphur  and 
Copper  Co.  in  (xeneral  Index) 

Tifiis,  we  Allawerdi 

Tin-croft  mine,  Cornwall,  arsenic  from, 
ii.  480 

Tobiscon,  cinnabar  at,  ii.  257 

Tolima,  Columbia,  cinnabar  deposits  in, 
ii.  258 

Tombstone,  Arizona,  argentiferous  ores 
from,  i.  414 

Tomsk,  (iavrilov  works  at,  production  of 
work  lead  from  silver  ores,  i.  484 

Toplitzka,  Hungarj-,  antimony  at,  ii.  436 

Tostedt,  Germany,  calcination  of  tin- 
stone at,  ii.  386  ;  smelting  tinstone 
at,  ii.  399 

Transbaikalia,  Siberia,  tin  deposits  at, 
ii.  379 

Transcaucasia,  methods  of  smelting 
copper  ore  in,  i.  24  ;  copper  stall- 
roasting  in,  i.  39  ;  krummofen  used 
in,  i.  96 

Transvaal,  native  gold  in,  i.  757  ;  stamp 
mill  amalgauuition  in,  i.  785,  788  ; 
MacArthur-Forrest  process  in,  i. 
828  e/  seq. 

Ti-an.sylvania,  galena  from,  i.  282 

Treleighwood,  Cornwall,  roasting  of  tin- 
stone at,  ii.  38() 

Troitsk,  native  gold  in,  i.  757 

Trotha,  aluminium  extraction  at,  ii.  658 

Tunalierg,  cobalt  at,  ii.  598,  599 

Tunis,  galena  from,  i.  282  ;  cinnabar  de- 
posits in,  ii.  258 

Turkestan,  native  gold  in,  i.  757 

Turkey,  galena  from,  i.  282 

Tuscany,  l)ornite,  chalcocite  from,  i.  14  : 
ciimabar  found  in,  ii.  257  ;  antimony 
in,  ii.  436,  437 

Twiste,  Waldeck,  leaciiing  copper  ores  at, 
i.  201 

Tjne  district,  England,  production  of 
chloride  of  copper  in  dry  way,  i.  220- 
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Tyrol,  the,  falilore  from,  i.  lo,  467  ; 
galena  from,  i.  282;  "  (lrviii<;-ui) "" 
silver  process  in,  i.  495  ;  ziiic  l>lende 
in,  ii.  14 


U 


Uetikon,  Lake  Zuiich,  preparation  of 
tin  chloriue  at,  ii.  423 

United  (States,  new  method  for  smelting 
pyritie  copper  ores,  i.  19  ;  normal 
heap-roasting  in,  i.  30-34 ;  Spence 
furnaces  used  in,  i.  62 ;  smelting  of 
basic  and  acid  copper  ores  in,  i.  91  ; 
sliaft  furnaces  in  use  in,  for  smelting 
calcined  copper  ores,  i.  92,  101-103  ; 
dead-roasting  of  copper  matte  in 
heaps  and  stalls,  i.  114,  115  ;  copper 
smelting  furnaces  used  in,  i.  132 ; 
pyritie  copper  smelting  in,  i.  166- 
167  ;  localities  for  galena,  i.  282  ; 
for  eerussite,  i.  282  ;  Carinthiau 
process  of  lead  extraction,  i.  290  ; 
Jumbo  furnace  used  in,  i.  315  ;  blast 
furnaces  in,  i.  351-355  ;  treatment  of 
lead  matte  in,  i.  383,  384  ;  combined 
roasting  and  reduction  and  iron-re- 
duction process  of  lead  extraction, 
i.  411  ;  combined  iron-reduction  pro- 
cess with  smelting  oxidised  ores,  i. 
412 ;  desilverisation  of  lead  in,  i. 
446-  452  ;  native  gold  in,  i.  757  ; 
sluice  gold-washer  used  in,  i.  762  ; 
localities  for  zinc  blende,  ii.  14  ;  for 
calamine,  ii.  14 ;  hemiinorphite  in, 
ii.  15  ;  fire-proof  claj'  from,  ii.  92  ; 
zinc-distillation  in  retorts,  ii.  104  ; 
tin  deposits  in,  ii.  379  ;  localities  for 
antimony  in,  ii.  436  ;  nickel  coinage 
in,  ii.  506  ;  cobalt  in,  ii.  598 

Ural  Mts.,  the,  malachite  from,  i.  13; 
azurite  from,  i.  14  ;  copper  pyrites 
from,  i.  14  ;  chrysocoUa  from,  i.  15  ; 
Skinder  furnaces  used  in,  i.  107,108; 
smelting  of  oxidised  acid  copper  ores 
in,  i.  167,  168  ;  impurities  in  retined 
copper  from,  i.  194 ;  electi-olytical 
method  of  copper  extraction,  i.  260  ; 
native  golil  in,  i.  757  ;  nickel  ores  in, 
ii.  509  ;  platinum  in,  ii.  616,  617 

Utah,  galena  from,  i.  282  ;  combined 
iron-reduction  process  and  smelting 
oxidised  lead  ores,  i.  412  ;  lead  car- 
bonate from,  i.  414 ;  Briickner"s 
fui'uace  used  for  roasting  lead  ores 
in,  i.  339 ;  treatment  of  lead  matte 
in,  i.  385 ;  combination  process  of 
silver  extraction  in,  i.  674 ;  Boss 
process,  i.  675 ;  native  gold  in,  i. 
757  ;  Huntington  mills  used  in,  i. 
774;  MacArthur  -  Forrest  gold-ex- 
traction process  at,  i.  837,  841  ; 
bismuth  deposits  in,  ii.  352  ;  anti- 
mony in,  ii.  436 


Valalta,  Agordo,  ciiuialjar  deposits  at, 
ii.  256  ;  extraction  of  mercury  in 
shaft  furnaces,  ii.  315-317 

Val  Benoit,  pi-oduction  of  crude  nickel 
at,  ii.  552 

Valentinite,  ii.  437 

Valetin  Cocq,  Belgium,  zinc  distillation 
in  mufHes  at,  ii.  104 ;  furnaces  in 
use  at,  ii.  147-148 ;  Belgo-Silesian 
furnaces  at,  ii.  164 

Varallo,  Piedmont,  nickel  at,  ii.  509 ; 
stall-roasting  at,  ii.  518 ;  nickel- 
smelting  at,  ii.  529  et  .veq. 

Vena,  cobalt  at,  ii.  599 

A'endee,  antimony  in,  ii.  436 

Venezuela,  nickel  coinage  in,  ii.  506 

Venice,  cinnabar  deposits  near,  ii.  256 

Vermont,  Canada,  copper  pyrites  from, 
i.  14 ;  copper  ores  from,  i.  45 ; 
water-jacket  furnace  u.sed  for  smelt- 
ing calcined  copper  ores,  i.  103  ; 
dead  roasting  of  copjier  matte  in 
stalls,  i.  115 

Vialas,  France,  treatment  of  lead  matte 
at,  i.  384 

Victoria,  Australia,  copper  pyrites  from, 
i.  14  ;  largest  nugget  from,  i.  757  ; 
MacArthur-Forrest  gold-extraction 
process,  i.  840  ;  antimonj^  in,  ii.  436 

Vienna,  Berndorf  nickel  works  at,  ii.  497 

Vigsnaes,  copper  pyrites  from,  i.  14 

Villeder,  Brittany,  tin  at,  ii.  379  ;  smelt- 
ing of  tin  ore  at,  ii.  394,  398 

Villeveyrac,  composition  of  aluminium 
at,  ii.  633 

Virginia  city,  silver-glance  formerly 
found  in  the  Comstock  lode,  i.  466  ; 
Washoe  process  used  in,  i.  648 

Virginia,  U.S.A.,  melaconite  from,  i.  13  ; 
copper  pyrites  from,  i.  14  ;  tin  de- 
posits in,  ii.  379  ;  calamine  in,  ii.  14 

Vorospatak,  native  gold  in,  i.  757  ;  amal- 
gamation in  mortars,  i.  789 

Volterra,  Lucca,  Italj-,  cinnabar  deposits 
at,  ii.  257 

Vulkoy,  native  gold  in,  i.  757 ;  gold 
stamp  mills  at,  i.  785,  789 


W 


Wales,  copper  pyrites  from,  i.  14  ;  in- 
dependent fore-hearths  used  in  fur- 
naces, i.  103  ;  sand  used  as  smelter- 
beds  in,  i.  131,  132;  galena  from, 
i.  282 ;  native  gold  in,  i.  757  ;  zinc 
blende  in,  ii.  14  (-see  Swanssea,  Elliot 
Works) 

Wallaroo,  8.  Australia,  Hocking-Oxland 
furnace  at,  i.  82  ;  copper  matte  at, 
i.  127  ;  copper  smelting  furnaces  at, 
i.  138  ;  furnaces  for  calcination  of 
coarse   metal   at,    i.    140 ;    smelting. 
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white  metal  at,  i.  144  ;  English  pro- 
cess of  copper  smelting,  i.  l.l^,  153  ; 
of  copper  refining,  i.  182,  183  ;  re- 
lining  furnaces  at,  i.  194  ;  electro- 
Ivtical  method  of  copper  extraction, 
I.  261 

Washoe,  Nevada,  native  gold  at,  i.  757 

Weidenaii,  extraction  of  zinc  by  electro- 
lysis at,  ii.  219 

Wenslevdale,  Yorks.,  Scotch  hearth  at, 
i.  3*17 

West  Indies,  largest  gold  migget  from,  i. 
757 

Westphalia,  zinc  blende  in,  ii.  13  ;  cala- 
mine in,  ii.  14  ;  double-bedded  fur- 
naces for  calcining  zinc  blende  used 
in,  ii.  45  ;  Hasenclever-Helbig  fur- 
nace used  in,  ii.  54  ;  zinc  distillation 
in,  103,  104,  146  t(  seq.  ;  loss  of  zinc 
in  distillation,  ii.  170 

Westphalian  works,  nickel  refining  at 
ii.  593 

Wheal  Agar  mine,Cornwall, arsenic  from, 
ii.  480 

Wicklow,  copper  pyrites  from,  i.  14  ; 
copper  kernel-roasting  in,  i.  36 

Widnes,  Lancashire,  furnaces  used  for 
production  of  chloride  of  copper  at, 
i.  224,  225 

Wilhelmshaven,  composition  of  refined 
antimony  at  the  Royal  Docks  at, 
ii.  467 

Wisconsin,  galena  from,  i.  282  ;  zinc 
blende  in,  ii.  14 ;  hemimorpliite  in, 
ii.  15 

Witeni,  R.,  native  gold  in,  i.  757 

Wittichen,  nickel  ores  at,  ii.  508 

Wittkowitz,    production   of   chloride   of 


copper  in  dry  way,  i.  221  ;  composi- 
tion of  cement  copper  from,  i.  246  ; 
electroljtical  methods  of  copper  ex- 
traction, i.  260  ;  ferro-nickel  made 
at,  ii.  506 

Wolfach,  Baden,  d3'scrasite  found  at,  i. 
4(i6 

Wolfsljerg,  Harz,  extraction  of  antimonj- 
at,  ii.  437,  410 

Wolfsteiia,  Bavaria,  cinnabar  deposits  at, 
ii.  257 

Woodbi-idge,  U.  S.  A. ,  fire-proof  clay  from, 
ii.  92 

Wyandotte,  Michigan,  process  of  cupel- 
lation  of  argentiferous  lead,  i.  581 

Wyoming,  native  gold  in,  i.  757 


Yenisei,  R. ,  the,  native  gold  in,  i.  757 


Zacatecas,  Mexico,  silver-glance  found 
at,  i.  466  ;  patio  process  of  silver- 
extraction  at,  i.  630,  646 

Zalathna,  Transylvania,  production  of 
work-lead  from  silver  ores,  i.  481, 
482  ;  leading  of  silver  matte,  i.  489, 
491 ;  silver-extraction  pi'ocess  at,  i. 
602  ;  extraction  of  gold  in  dry  way 
at,  i.  763,  764 

Zamora,  Portugal,  tin  deposits  in,  ii.  379 

Zinnwald,  Saxony,  bismuth  at,  ii.  352; 
tin  at,  ii.  379 

Zurich,  vte  Uetikon 
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Asterisks  (*)  denote  illustrations.       "  h,  "  denotes  footnote. 


Aarox,  on  patera  process,  i.  721  n. 

Abdarrprozess,  i.  495 

"  Abraumsalz,"  action  on  cujJrous  sul- 
phide, i.  10  ;  definition,  i.  10  «  ;  used 
in  production  of  copper  chloride,  i. 
220-226  ;  for  removal  of  zinc  from 
lead,  i.  436 

Abstrich,  from  smelting  of  work-lead, 
treatment  of,  i.  420-430 

Abzug,  see  8cum 

Adapters,  in  zinc  distillation,  manufac- 
ture of,  ii.  110,  111,  133-143;  pro- 
posals for,  ii.  192  et  seq.  ;  Lynen's, 
ii.  193,  194 

Adrien,  proposal  for  improvement  in  zinc 
extraction,  ii.  185  n 

Agricola,  on  cementation,  i.  846 

Aikinite,  see  Neeille-ore 

Air-reduction  process,  for  extraction  of 
lead,  i.  284,  286-319 
in  I'everberatory  furnaces,  various  pro- 
cesses, i.  288-290  ;  Carinthian  pro- 
cess, i.  290-296  ;  the  English,  i.  296- 
303  ;  the  Tarnowitz,  i.  303-306  ;  the 
Bleiberg,  i.  306-308  ;  tlie  French  or 
Brittany,  i.  308-310 
in  hearths,  i.  310-319  ;  smelting  of 
residues  from,  i.  419,  420 

Alberti,  his  reverberatory  fui'naces  for 
calcination  of  cinnabar,  ii.  309-311 

Albertus  Magnus,  on  cementation,  i. 
846  ;  on  inquartation,  i.  851 

Alkalies,  action  on  cupric  sulphate,  i. 
12 ;  cupi'ous  chloride,  i.  12  ;  on 
cupric  chloride,  i.  13 

Allen,  method  of  nickel  extraction,  ii. 
577 

Allen  copper  furnace,  the,  .set  O'Harra 

Altenberg  Co.,  the,  i-everbei'atory  fur- 
naces for  burning  calamine,  used  bv, 
ii.  26,  27 

Aludels,  in  Bustamente  furnaces  for  cal- 
cining cinnabar,  ii.  268 


Alum,  sources  of,  ii.  634 
Alum-earth,  ii.  634  ;  -shale,  ib. ;  -stone,  ih. 
Ahunina,  effect  in  smelting  calcined  cop- 
per  ores,   i.    90 ;    action    with    zinc 
oxide,   ii.   8  ;    reduction  of   silicates 
of,  in  zinc  distillation,  ii.  87  ;  sources 
of,  ii.  629  ;  electrolytic  extraction  of 
aluminium  from,  ii.  650 
Aluminite,  ii.  634 

Aluminium,  physical  properties,  ii.  626  ; 
chemical    properties    of   compounds, 
ii.    628  ;    alloys    of    aluminium,    ii. 
631  ;  material  for  extraction  of,  ii. 
633 
extraction    in   dry  way,   ii.    637-645  ; 
Deville  process,  ii.  637-640  ;  Deville 
and    Castner    process,    ii.     640-642 ; 
Netto  process,  ii.  642,  643  ;  Grabaii 
process,  ii.  643-645 
extraction  by  electrolysis,  ii.  645-664  ; 
from  solutions   of  alumina,   ii.   650- 
656  ;    from    aluminium    fluoride,    ii. 
657-659  ;  from  aluminium  sulphide, 
ii.  659-660 
preparation  of  alloys,  ii.  660  ;  Cowles' 
process,  ii.    660-664 ;    Heroult   pro- 
cess, ii.  654 
Aluminium  oxide,  see  alumina  ;  chloride, 

ii.  630  ;  carbide,  ii.  631 
Aluminium  -  Industrie  -  Actien  -  Gesell- 
schaft,  the,  of  Neuhausen,  aluminium 
extraction  by,  ii.  659,  664 
Alunite,  see  Alum-stone 
Alunogen,  see  Hair-.salt 
Amador  reduction  works,  the,  California, 
calcination   of  gold  ore  at,    i.    809 ; 
chlorination  of  gold  ores  at,  i.  812 
Amalgam,  localities  for,  i.   466  ;  ii.   255  ; 

formation  of,  ii.  254 
Amalgamation  process,  of  silver  extrac- 
tion, i.  611  et  seq.;  in  patio  process, 
i.  631-642 
with  reagents  preceded  by  a  chlorid- 
ising  roasting,  i.  677-702 ;  drying 
and  crushing  ores,  i.  677-681 ;  chlori- 
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dising  roasting,  i.  G82-688  ;  barrel 
anialgaination,  i.  688-696  ;  ])an 
amalgamation,  i.  096-700 ;  Tina 
amalgamation,  i.  700-702 ;  with  a 
soluVjle  salt  of  mercurj',  i.  702,  703 
Of  gold-hearing  material — 

(1)  Without  previous  crushing,  i.  76,')- 
771 

(2)  Of  artificially  crushed  gold-bearing 
material,  i.  771,  772;  partly  during 
and  partly  after  crushing,  i.  772-789  ; 
Arrastra  amalgamation,  i.  772,  773  ; 
amalgamation  in  mills,  i.  773-777  ; 
sta)iip-mill  amalgamation,  i.  777-789 

(3)  After  previous  crushing,  789-802; 
amalgamation  in  mortars,  i.  789, 
790  ;  in  rotating  barrels,  i.  790  ;  in 
Hungarian  mills,  i.  790-795  ;  in 
pans,  i.  795-797  ;  with  amalgamated 
plates,  i.  797-798  ;  in  amalgamators, 
i.  798-802  ;  by  Designolle's  process, 
i.  802 ;  treatment  of  gold  amalgam, 
i.  802  et  seq. 

"  Amalgamators,"  gold  amalgamation  in, 
i.  798-802  ;  Atwood's  amalgamator, 
1.  799,  800  ;  Paul's  amalgamator,  i. 
801  ;  Crosbj'^'s  amalgamator,  i.  801, 
802 

American  hearth — 
air-cooled,  in  air-reduction  process  for 
lead-extraction,  i.  311,  313,  314*,  317 
water-cooled,  in  reduction  process  for 
lead  extraction,    i.   311,    314,    315*, 
317,  318 
rectangular  furnaces,  for   lead   smelt- 
ing, i.  352-355,  373-376*,  377*  ;    for 
smelting  lead  carbonate,  i.  413-416*, 
417*,   418* ;    for  cupellation    of    ar- 
gentiferous lead,  i.  588* 

American  Mine,  California,  calcination  of 
ncinabar  with  iron  or  lime,  ii.  324 

Ames,  on  large  American  copper  calciners, 
i.  71. 

Ammonia,  action  on  cuprous  oxide,  i.  8  ; 
action  on  cupi'ic  oxide,  i.  9 

Annnonic  carbonate,  used  for  lixiviation 
of  copper,  i.  204  ;  extraction  of  zinc 
oxides  by,  i.  553  ;  extraction  of  zinc 
by,  ii.  197 

Anaconda  works,  n<-(-  Anaconda  (in  geo- 
grapliical  index) 

Andr(5,  on  extraction  of  nickel  1)V  electro- 
lysis, ii.  589 

Anglesite,  see  Lead  sulphate 

Anglo-German  j)rocess  of  copper  extrac- 
tion, i.  23 

Annabergite,  ii.  508 

Anti-friction  metal,  .sec.  White  metal 

Antimonial  nickel,  ii.  437 

Antimonial  silver,  ii.  437  (see  Dyscrasite) 

Antimoniate  of  bismuth,  lead  and  copper, 
action  on  copper,  i.  5,  6  ;  of  copper 
and  nickel,  sec  Copper  mica  ;  reduc- 
tion of,  in  smelting  calcined  copper 
ores,  i.  87 


Antinumic  anhydride,  me  antimony  pent- 
oxide  ;  antimoniate,  .see  Antimony 
tetroxide ;  chloride,  see  Antimony 
pentachloride 
Autimonious  chloride,  .see  Antimony  tri- 
chloride ;  oxide,  .see  Antimony  tri- 
oxide 
Antimonite,  -see  Antimony  glance 
Antimony,  action  on  copper,  i.  3,  4,  5  ; 
action  of  cu])rous  sulphide,  i.  11  ;  re- 
moval of  from  copper  ores,  i.  23-26, 
29 ;  reduction  of  in  smelting  of 
calcined  copper  ores,  i.  87  ;  dead- 
roasting  of  copper  matte  containing, 
i.  114;  in  copper  refining,  i.  173, 
174,  178;  precipitation  of  copper  bj', 
i.  206  ;  action  in  electrolysis  of  copper 
slimes,  i.  262  ;  effect  on  lead,  i.  275  ; 
in  the  roasting  and  reduction  pro- 
cess, i.  321  ;  in  the  smelting  pro- 
cess, i.  343  ;  reduction  of  in  iron 
reduction  process  of  lead  extraction, 
i.  395 ;  in  lead  ores  from  Upper 
Hai'z,  i.  429  ;  elimination  of  in  re- 
fining of  lead,  i.  432  et  -seq.  ;  com- 
pounds of  silver  with,  i.  462,  463  ; 
effect  on  gold,  i.  753 ;  parting  by 
sulphide  of,  i.  843,  844  ;  action  with 
zinc  sulphide,  ii.  10  ;  reduction  of  in 
zinc  distillation,  ii.  87  ;  alloy's  of 
bismixth  and,  ii.  352,  369  ;  extracted 
from  crude  bismuth,  ii.  371  ;  effect 
on  tin,  ii.  375  ;  separation  from  tin, 
ii.  382,  383 

physical  properties,  ii.  430  ;  chemical 
properties  of  antimonj'  and  its  com- 
pounds, ii.  431-436 ;  ores,  ii.  436- 
437 

extraction  of  in  dry  way,  ii.  438-467  ; 
ti'eatment  of  antimony  glance  for 
crude  antimony,  ii.  438,  439 ;  liqua- 
tion in  closed  furnaces,  ii.  439-443  ; 
liquation  in  reverberatory  furnaces, 
ii.  443-445  ;  treatment  of  antimony 
glance  for  metallic  antimony,  ii.  445  : 
roasting  and  reduction  process,  ii. 
445-456  ;  precipitation  method  of 
reduction,  ii.  456-460 ;  extraction 
from  metallurgical  bye-products,  ii. 
461  ;  refining  of  antimony,  ii. 
461 

proposals  for  extraction  in  wet  way, 
ii.  467,  468 

proposed  electrolytic  methods   of  ex- 
traction,    ii.     468  470  ;     extraction 
from  nickeliferous  ores,  ii.  515 
Antimony  anhydiidc,  ii.  432  ;  blende,  ii. 
437  ;   bloom,    we    oxide  ;    glance,   ii. 
436  ;   ochre,  ii.  437  ;   oxide,  ii.  437  ; 
pentachloride,  ii.  433 ;  pentasulphide, 
ii.  434,  435  ;  pentoxide,  ii.  433  :  reel 
ore,   ii.   437  ;  tetroxide,  ii.  432  ;    tri- 
chloride,  ii.    433  ;   trioxide,  ii.  432  ;      t 
trisulpiiide,  ii.  434,  435  ;  white,  see     ' 
Ochre 
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Anglo-German  process  of  copper  smelt- 
ing, examples  of,  i.  153-158 

Aqua-regia,  a  solvent  for  copper,  i.  7  ; 
action  on  mercury,  ii.  252  ;  action 
on  mercuric  sulphide,  ii.  253  ;  action 
on  bismuth,  ii.  348  ;  action  on  tin, 
ii.  376  ;  action  on  antimony,  ii.  431  ; 
action  on  arsenic,  ii.  472 ;  action  on 
nickel,  ii.  499  ;  action  on  platinum, 
ii.  615 

Arago,  on  specific  gravity  (A  mercury, 
ii.  250 

Araud,  method  of  nickel  extraction,  ii. 
577 

d'Arcet,  on  parting  of  gold  Ijy  sulphuric 
acid,  i.  853 

Arents,  his  automatic  tap  in  lead  smelt- 
ing furnaces,  i.  356,  357*,  358 

Argentan,  ii.  506 

Argentiferous  products  from  smelting,  i. 
468 

Argentine  Works,  the,  KansasCity, smelt- 
ing lead  carbonate  at,  i.  415 

Argentite,  reduction  of,  in  calcination  of 
zinc  blende,  ii.  36,  {see  Silver  glance) 

Arizona  Copper  Co.,  the,  treatment  of 
oxidised  ores  in  works  of,  i.  168,  169 

Arme  Erzgrob,  ii.  337 

Armer  Erzgries,  ii.  337 

Arrastra  amalgamation  of  gold,  i.  772- 
773  ;  for  pulverising  silver  oi^es,  i. 
627,  628*,  629*,  630* 

Arseniate,  of  bismuth,  lead,  and  copper, 
action  on  copper,  i.  5,  6  ;  reduction 
of  in  smelting  of  calcined  copper 
ores,  i.  87 

Arsenic,  on  copper,  i.  4 ;  removal  of, 
from  copper  ores,  i.  23-26,  29  ;  re- 
duction of,  in  smelting  of  calcined 
copper  ores,  i.  87  ;  dead-roa.sting  of 
copper  matte  containing,  i.  114  ; 
in  copper  refining,  i.  173,  174,  178  ; 
precipitation  of  copper  by,  i.  206  ; 
removal  of,  from  cement  copper, 
i.  247 ;  action  in  electrolysis  of 
copper  slimes,  i.  262  ;  effect  on  lead 
in  roasting  and  reduction  process, 
i.  321  ;  in  smelting  process,  i.  342  ; 
in  the  lead  ores  of  Freiberg,  i. 
386-389 ;  elimination  of,  in  refin- 
ing of  lead,  i.  432 ;  compounds  of 
silver  with,  i.  462,  463  ;  present  in 
commercial  zinc,  ii.  4  ;  action  with 
zinc,  ii.  6  ;  reduction  of,  in  zinc 
distillation,  ii.  87  ;  contained  in 
crude  bismuth,  ii.  369  ;  extraction 
from  bismuth,  ii.  370,  371  ;  effect  on 
tin,  ii.  375  ;  compounds  of  tin,  ii. 
378  ;  separation  from  tin,  ii.  382, 
383,  384  ;  contained  in  hardhead,  ii. 
418 
physical  properties,  ii.  471  ;  chemical 
properties  of  arsenic  and  its  com- 
pounds, ii.  472 ;  alloys,  ii.  475  ; 
compounds  of,  ii.  476  ;  ores,  ii.  475 ; 


extraction  of,  by  dry  method,  ii. 
477-479 ;  by  electrolytic  method, 
ii.  479,  480  ;  manufacture  of  crude 
arsenious  oxide,  ii.  480-487;  refin- 
ing of  crude  arsenious  oxide,  ii.  488  : 
production  of  white  arsenic  glass, 
ii,  488-491  ;  production  of  red 
arsenic  glass,  or  realgar,  ii.  491  ; 
production  of  "  rohglas,"  ii.  492; 
refining  of  "rohglas,"  ii.  493  ;  pro- 
duction of  orpiment,  ii.  493  494 ; 
extraction  of  arsenical  products 
from  residues  from  the  manufacture 
of  coal-tar  colours,  ii.  495 
effect  on  nickel,  ii.  497  ;  compounds  of 
nickel  and,  ii.  503-505  ;  extraction 
from  nickeliferous  ores,  ii.  515  ;  ex- 
traction of  nickel  from  arsenical 
ores,  ii.  556-570  {see  nnder  Nickel) 

Arsenic  acid,  ii.  473,  474 ;  anhydride, 
see  oxide  ;  bloom,  ii.  476  ;  chloride, 
ii.  475  ;  flaky,  see  native  ;  hydride, 
ii.  474,  475 ;  native,  ii.  475,  481  ; 
oxide,  ii.  473 ;  pyrites,  see  Mis- 
pickel 

Arsenical  nickel,  see  Kupfernickel 

Arsenides,  reduction  of  in  calcination  of 
zinc  blende,  ii.  36 

Arsenious  oxide,  ii.  472  ;  manufacture 
of,  ii.  480-488  ;  refining  of,   ii.  488 

Arsenite,  ii.  476 

Arsenmehl  manufacture,  i.  387 

Arsenolite,  ii.  476 

Arsenopyrite,  see  Mispickel 

Arsenrubin,  see  Realgar 

Asbolan,  ii.  599,  603 

Ashcroft,  on  electrolysis  of  zinc,  ii.  202, 
203  ;  his  process,  ii.  219  et  seq. 

Asturias  Co.,  the,  Santander,  zinc  distil- 
lation-vessels used  by,  ii.  92 

Atacamite,  localities,  &c.,  i.  15 

Atlanta  Mill,  Idaho,  pan-amalgamation 
at,  i.  697 

Atwood  amalgamators,  i.  799-800 

Aubel,  on  spitting  of  platinum,  ii.  614 

Augustin  process,  i.  708-718 

Auric  oxide,  i.  753  ;  chloride,  i.  754 

Auripigment,  see  Orpiment 

Aurora  works,  the,  at  Gladenbach, 
smelting  roasted  nickel  matte  at, 
ii.  535 ;  refining  matte  at,  ii.  540 
et  seq.  ;  production  of  copper-nickel 
alloys,  ii.  545  et  seq. 

Aurous  oxide,  i.  753  ;  chloride,  i.  754 

Austro-Belgian  Co.,  Corphalie,  furnaces 
for  calcining  zinc  blende,  ii.  47 

Azurite,  its  localities,  &c.,  i.  13 


B 


Badoureau,  on  nickel  sulphide,  ii.  502  n  ; 
on  nickel-cobalt  alloys,  ii.  604 ;  on 
nickel  smelting  at  Sagmyrna,  ii. 
528 ;    on  roasting  coarse  matte,   ii. 
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532  H  ;  on  smelting  roasted  matte,  ii. 
536  n ;  on  roasting  nickeliferous  ar- 
senical ores,  ii.  559  ii 
Bagration,  on  solubility  of  gold  in  potas- 
sium cyanide,  i.  829 
Baker's    blower,    i.    93,    168  ;    iised    in 

American  lead  furnaces,  i.  362 
Balbach  Works,  New  Jersey,  desilverising 
by  zinc  method,  i.  524 ;  distillation 
of    zinc  scums,   i.   540 ;    cupellation 
process  at,  i.  592 
Ball,  his  amalgamator,  i.  801 
Balling,  on  mercury  extraction  at  Littai, 
ii.  326 ;  on  tin-smelting  at  Graupen, 
ii.  409 ;  on  smelting  nickel  ores  at 
Kragero,  525  n  et  seiy.  ;  on  roasting 
coarse  matte,  ii.  532  h.  ;  on  smelting 
roasted  matte,  ii.    535  n  ;  on  refining 
matte,    ii.    541  n  ;  on   pi-oduction  of 
copper-nickel  alloys,  ii.  545  n 
Baric   sulphide,    action   of,    on    cuprous 

sulphide,  i.  9 
Barilla,  ii.  378 
Barium,    reduction   of,    in    smelting    of 

calcined  copper  ores,  i.  88 
Barker's  method  of  electrometallurgical 

gold-extraction,  i.  841 
Barrel-amalgamation,  i.  688 — 696 
Barrel  work,   lumps  of  Lake  copper,   i. 

194 
Barba,    Alonzo,    on   the  Tintin  process, 

i.  614  ;  on  the  Cazo  process,  i.  618 
Barba,  Lopez  Saavedra,  inventor  of  Bus- 

taui°nte  furnace,  ii.  268 
Bartlett's  process,  forair-reduction  of  lead 
in    liearths,    i.    311,    318,    321  ;    for 
exti"action  of  zinc   from   lead    ores, 
ii.  236  et  seq. 
Bartlett,  C,  on  removal  of  copper  from 

nickel  matte,  ii.  550 
Barytes,    reduction   of,    in    smelting    of 
calcined  copper  ores,  i.  88  ;  in  cal- 
cination of  zinc  blende,    ii.    36  ;    in 
zinc  distillation,  ii.  87 
Basse  and  Selve,  on  extraction  of  nickel 
bj'  electrolysis,  ii,  591  ;  composition 
of  nickel  smelted  by,  ii.  594 
Bauschinger,  on  strength  of  cold  pressed 

and  hammered  aluminium,  ii.  626 
Bauxite,  ii.  633 
Bear  ""  in  copper-smelting,  meaning  of, 
i.    22  ;   formation    of,    i.    89  ;    com- 
position  of,    i.    Ill,     112;    to    pre- 
vent formation   of,    i.    117 ;    forma- 
tion of  in  lead  smelting,  i.  356,  362  ; 
formation   of   in   tin  extraction,    ii. 
380,  381 
Bearing-metal,  sre  White-metal 
Beatson,  on  extraction  of  tin  by  electro- 
lysis, ii.  425,  426 
Becchi,    on    production   of    chloride   of 

copper  in  dry  way,  i.  220 
Beck,   L.,  on  reactions  of  lead  silicate, 

i.  280 
Bec(|uerel,    on  melting  point   of   silver. 


i.  456;  on  melting  point  of  gold, 
i.  752  ;  on  electric  conductivity  of 
zinc,  ii.  2  :  on  the  volatility  of  zinc, 
ii.  2 ;  on  the  boiling  point  of  cad- 
miimi,  ii.  241  ;  on  electric  conduc- 
tivity of  tin,  ii.  375 
Bede  metal  works,  precipitation  of  sul- 
phide of  copper  at,  i.  209  ;  process 
of  production  of  copper  chloride, 
i.  222;  furnaces  used  by,  i.  223*. 
224*,  230,  231*,  232*  ;  precipitation 
of  copper  fx-om  chloride,  i.  243*, 
244*,  246 
Beketoti',  his  method  of  aluminium  ex- 
traction, ii.  645 
Belgian  method  of  zinc  distillation,    ii. 

105 — 130.     (See  under  Zinc) 
Belgian  furnaces,  for  zinc  distillation,  ii. 
94,  95*,  111   et  seq.  :  Liege  furnaces, 
ii.    112 — 114*  :    Single   furnaces,    ii. 
114*  ;  Double  furnaces,  ii.  118*  ;  (4as- 
fired,  ii.   119 — 124*  ;  nozzles  for,  ii. 
139  et  seq. ;   for   treatment   of   zinc 
fumes,  ii.  176  ;  treatment  of  cadmium 
in,  ii.  245,  246 
Belgo-Cornwall  furnace,  for  zinc  distilla- 
tion, ii.  116,  117 
Belgo-Silesian  furnaces,  for  zinc  distilla- 
tion, ii.  94,  96*,  105  ;  nozzles  for,  ii. 
139  et  seq.  ;    for  zinc-distillation  in 
muffles,  ii.  143,  145  et  seq.  ;  fired  bj' 
grates,  ii.  164,  165  ;  fired  by  gas,  ii. 
165 — 168  ;  cost  of  distillation  in,  ii. 
178 
Bellingrodt,   on  calcination  of    Swedish 

blende  at  Oberhausen,  ii.  342 
Bell-metal,  see  Tin  pyrites 
Berdan  pans,  used  in  gold  amalgamation 

in  Australia,  i.  796 
Berdell  and  Witherell's  works,  Leadville, 
smelting  of  lead-carbonate  at,  i.  414 
Bergen  Port  Zinc  Co.,  the,  extraction  of 

zinc  white  by,  ii.  226 
Beringuccio,  on  cementation,  i.  846 
Bernaul,  Altai  M*^,  Augustin  process  at. 

i.  712 
Bernhart,  on  reactions  of  silver  chloride. 

i.  461,  462 
Bertha  works,  at  Pulaski,  zinc-distilla- 
tion furnaces  used  at,  ii.  129  ;  com- 
position of  spelter  from,  ii.  183 
Berthier,  on  action  of  carbon  and  hydro- 
gen on  cuprous  sulphide,  i.  11  ;  on 
composition  of  Kupferschiefer,  i. 
154 ;  on  the  tenacity  of  zinc,  ii.  1  ; 
on  the  chemical  reactions  of  zinc 
oxide,  ii.  6  8  ;  of  zinc  sulphide,  ii. 
9 — 11  ;  of  sulphide  of  mercury,  ii. 
253  ;  on  composition  of  tinstone 
slag  at  PouUaouen,  ii.  397,  398  ;  on 
composition  of  tin  slags  from  Alten- 
berg,  ii.  407  ;  on  tin-iron  alloys,  ii. 
407,  4(18  ;  on  composition  of  tin  slag 
from  Altenwald,  ii.  414;  on  compo- 
sition   of    liiiuation    dross  at  Alton- 
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wald,  ii.  414 ;  on  tlie  precipitation 
method  of  antimony  reduction,  ii. 
457 

lierthierite,  ii.  437 

IJertrand  Mill,  Nevada,  patera  process 
at,  i.  719 

lierzelius  Co.,  the,  Gladbach,  Belgo- 
Silesian  furnaces  at,  ii.  167  ;  on 
composition  of  hard-head  at  Alten- 
berg,  ii.  408  ;  on  extracting  tin  from 
lead  ores,  ii.  419 

Bessemer;vconverters,  i  159,  160;  for  re- 
fining coarse  nickel  matte,  530, 
543 

Bessemer  process  of  copper  extraction, 
see  Converter  process 

Best-selecting  process  in  English  copper 
smelting,  i.  126 

Bethlehem  Iron  Co.,  the,  in  Chicago, 
armour  plates  manufactured  by,  ii. 
506 

Bettel,  on  the  MacArthur-Forrest  gold 
extraction  process,  i.  832  n 

Bidou,  on  extraction  of  antimony,  ii.  446, 
448  n,  453  n 

Bieberite,  .see  Cobalt  vitriol 

Biewend's  furnace  for  decomposition  of 
zinc  blende  by  iron,  ii.  191 

Bilharz  tables,  used  with  Hungarian 
amalgamators,  i.  795 

J5inon  and  Grandfils,  their  furnace  for 
zinc  distillation,  ii.  101  ;  their  charge 
for  distillation,  ii.    125 

Binsfeldhammerhiitte,  the,  Stolberg, 
French  process  for  lead  extraction,  i. 
308  ;  hand-pattinsonising  at,  i.  510  ; 
distillation  of  zinc  scums,  i.  543 

Biot,  on  specific  gravity  of  mercury,  ii. 
250 

liirunguccio,  on  Patio  process,  i.  625, 
626 

Bischof,  on  clay  for  vessels  for  zinc  dis- 
tillation, ii.  91  ;  his  process  of  nickel 
refining,  ii.  592 

Bi-silicates,  formation  of,  in  smelting 
calcined  copper  ores,  i.  89 

Bismuth,  action  on  copper,  i.  3,  5;  action  in 
electrolysis  of  copper  slimes,  i.  262  ; 
etfect  on  lead,  i.  276  ;  elimination  of 
in  refining  lead,  i.  431  et  seq. ;  effect 
on  gold,  i.  753 
physical  properties,  ii.  347-348 ; 
chemical  properties  of,  and  of 
compounds,  ii.  348-352  ;  alloys,  ii. 
351-352  ;  ores,  ii.  352  ;  fiirnace  pro- 
ducts, ii.  353 
extraction  of,  in  the  dry  waj',  ii.  353- 
361  :  from  ores  containing  native 
metal,  ii.  354  ;  by  liquation,  ii.  355- 
356  ;  by  fusion,  ii.  357-358  ;  extrac- 
tion fron^  bismuth  glance,  ii.  358- 
359  ;  from  ores  containing  it  as  oxide, 
ii.  359-60  ;  extraction  from  metal- 
lurgical products,  ii.  360-361  ;  from 
mattes,  ii.  360  ;  from  alloys,  ii.  361 


Bismuth,  extraction  of,   in  wet  way,  ii. 
361-365  ;   from   ores,   ii.    362  ;  from 
furnace  products,  ii.  362-365 
extraction      of,      from      lead-bismuth 

alloys  by  electrolysis,  ii.  365-368 
refining  of  bismuth,  369-373 ;  purity 
of  bismuth  from  various  countries, 
ii.  369  ;  purification  in  dry  way,  ii. 
369-372  ;  purification  in  wet  way,  ii. 
372-373  ;  compositions  of  commercial 
bismuth,  ii.  373  ;  eftect  on  tin,  ii. 
375 ;  separation  from  tin,  ii.  382- 
383,  390 ;  effect  on  aluminium,  ii. 
627,  632 

Bismuth  glance,  localities  for,  ii.  352  ; 
extraction  of  bismuth  from,  ii  358- 
359  ;  ochre,  localities  for,  ii.  352  ; 
tetroxide,  chemical  properties  of,  ii. 
348-349  ;  seleno-telluride  of,  ii.  352  ; 
sulpho-telluride  of,  ii.  352 

Bismuthic  anhydride,  chemical  properties 
of,  ii.  348-349  ;  chloride,  chemical 
properties  of,  ii.  349-350  ;  cobaltic 
pyrites,  ii.  352  ;  nickel  pj^rites,  ii. 
352  ;  nitrate,  chemical  properties  of, 
ii.  350  ;  production  of,  ii.  372  ; 
oxide,  chemical  properties  of,  ii. 
348-349  ;  silicate,  ii.  352  ;  sulphate, 
chemical  properties  of,  350 ;  sulph- 
ide, chemical  properties  of,  ii.  350- 
351 

Bismuthine,  see  Bismuth  glance. 

Bismuthous  chloride,  chemical  pro- 
perties of,  ii.  349-350  ;  oxide,  chem- 
ical properties  of.  ii.  348-349  ;  sulph- 
ide, chemical  properties  of,  ii.  350 

Bitumen ,  removal  of,  from  copper  ores  by 
heap  roasting,  i.  38  ;  from  Kupfer- 
schiefer,  i.  154 

Blair,  on  composition  of  refined  antimony 
from  California,  ii.  467 

Blake,  on  tests  for  cupellation  process 
of  argentiferous  lead,  i.  590  n 

Blake's  stone  crushers,  i.  649,  775-776, 
787  m 

Bias  and  Miest,  on  electrolysis  of  zinc, 
ii.  216 

Blast  for  shaft  furnaces,  apparatus  for 
production  of,  i.  93 

Blast  furnace  copper  smelting,  i,  18-19, 
22-24,  24-125  ;  various  operations  in, 
i.  24  ;  for  lead  smelting,  i.  351-383  ; 
construction  of,  i.  355-362  ;  older 
forms  of,  i,  362-367  ;  recent  furnaces, 
i.  368-377  ;  smelting  process,  377- 
381  ;  products  obtained  from,  381- 
383  ;  for  smelting  lead  carbonate,  i. 
413-416  ;  for  smelting  residues  from 
air-reduction  process  of  lead  extrac- 
tion, i.  419  ;  for  production  of  con- 
centrated nickel  matte,  ii.  533,  et 
seq. 

Bleiasche,  i.  276 

Bleiberg  pi'ocess  of  lead  extraction,  i. 
306-308  ;  -furnace,  i.  30     319 
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Bleigljitte,  xtt  Litharge 

Bleistein,  i.  156-157 

Hlekerode,  his  analj^sis  of  Boi'neo  ciniile 

platinutii,  617 
BlicksilVjer,  formation  of,  i.  566,  tt  seq. ;  re- 
tiuing  of,  596-601  ;  treatment  for  gold 
at    Oker,  i.  844 ;    of    Commern  and 
Mechernich,  platinum  in,  ii.  618 
Blister   copper,   refining  of,   i.    16  ;   pro- 
duction of,  i.  17,  117,  143-146  ;  com- 
position   of,     i.    118,   146;    bottoms 
smelted  for,  i.  151 
Blowers.     {See  under  Root's  ;  Baker's) 
Blowing  engines,   used  exceptionally,  i. 

93 
Blue  Billy,  i.  240 

Blue  metal,  i.   120  ;  composition  of,  149  ; 
calcination  of,   i.  150,  (see  Spurstein 
wliite  metal) 
Bluestone,  solution  of,  as  electrolyte,  i. 

259,  561 
Blumenau,    on   Laszlo   amalgamators,   i. 

793  n 
Boetius  gas  producer,  used  with  Ferraris 
furnaces,    ii.    28-29 ;    with    Hasen- 
clever-Helbig  furnaces,  ii.  61  ;  with 
Lorenz's  furnace,  ii.  152-154 
Bohemian  roasting  stalls,   for  arsenical 

ores,  ii.  559 
Bottger,  on  extraction  of  nickel  by  elec- 
trolysis, ii.  589 
Boiling,  in  copper  refining,  i.  188-189 
BoUo,  in  patio  process,  i.  646 
Bolley,  on  specific  gravity  of  zinc,  ii.   1  ; 
on    melting   point    of     zinc,    ii.    5  ; 
method  of  extraction  of  arsenic  from 
residues     of     coal     tar    colours,    ii. 
495 
Booth,   on    composition    of    refined  anti- 
mony from  California,  ii.  467 
Borchers,  improvements  in  electrolytical 
methods  of  copper  extraction,  i.  268  : 
on  electrolysis  of  zinc,  ii.  204,  206  (' 
neq. ;  in  drj'  way,  ii.  223-224  ef  seq. ;  on 
electrolytic  extraction  of   cadmium, 
ii.  248  ;  on  electrolytic  extraction  of 
bismuth  from  lead-bismuth  alloys,  ii. 
365  el  seq. ;   on  purification    of   bis- 
mutli    from   arsenic,    ii.    371  ;    from 
lead,  ii.  371  ;  on  extraction  of  tin  by 
electrolysis,  ii.  425-426  ;  his  electro- 
lytic method  of  antimonj-  extraction, 
ii.  468-469  ;  on  extraction  of  nickel 
by  electi'olysis,  ii.  588  ;  on  effect  of 
carV)on    on     aluminium,    ii.     627  n ; 
on  aluminium  carbide,  ii.   631  ;    on 
the  electrolytic  extraction  of  ahuiiiii- 
ium,  ii.  636,  650,  654 
Borgnet,  on  tlie  Cornwall  zinc-distillation 

furnace,  ii.  114  »,   115 
Born,   on  the  barrel  amalgamation  pro- 
cess, i.  689 
Bornite,  its  localities,  etc.,  i.  14  ;  exti'ac- 
tion   of    copper,    i.    17  ;    objects    in 
roasting,  i.  25 


Boss  process  of  silver  extraction,  i.  674- 

676 
Boston  and  Colorado   Smelting  Co.,   at 
Black  Hawk,  Augustin  process  used 
by,  i.    714;   Ziervogel  process  used 
by,  i.  742,  746 
"Bottoms,"    removal    of    impurities    in 
copper  with,  i.  22,   126,   143  ;  com- 
position of,  in  smelting  coarse  metal, 
i.    148;    treatment   of,   i.    151,   152; 
treatment  electrolytically,  at  Wal- 
laroo, i.   153 
Boudehen,  on  mechanical  pattinsonising, 

i.  512 
Bouh}',  on  Carinthian  process  of  lead  ex- 
traction at  Kngis,  i.  294  ?i 
Boulangerite,  i.  283 ;  ii.  437 
Boullaj',  on  specific  gravity  of  artificial 

cinnabar,  ii.  253 
Boumonite,  localities,  etc.,  i.  15,  283  ;  ii. 

437 
Boussingault,  on  patio  process,  i.   637  ; 
on  cementation,  i.  846  n,  847  « ;  on 
separation  of  carbon  from  nickel,  ii. 
498 
Bowie,   A.   J.,    on  hydraulic   mining,   i. 

766 
Bowring,  on  patio  process,  i.  637 
Brackelsberg's  reverberatory  funiace  for 

zinc  extraction,  ii.  191,  192 
Bi'iiuning,  on  production  of  chloride  of 
copper    in    dry  waj',    i.    221,  225?;, 
227  H  :  method  of  extraction  of  copper 
from  its  alloys,  i.  260 
Brame,  on  volatilisation  of  mercury,  ii. 

263 
Brand,  on  electrolytic  extraction  of  cad- 
mium, ii.  248  ;  on  electrolj-tic  extrac- 
tion   of    mercur}',    ii.    343 ;     on    tin 
refining  by  electrolysis,  ii.  428  ;  on 
extraction  of  nickel  by  electroly.sis, 
ii.  588  ;  on  electrolytic  extraction  of 
aluminium,  ii.  655 
Brass,  refined  copper  used  in  manufacture 
of,  i.  179,  191  ;  eff'ect   of  aluminium 
on,  ii.  632 
Bredberg,  on  charcoal  furnaces  for  smelt- 
ing calcined  copper  ores,  i.  91  ;  on 
Sulu  furnaces,  i.  97  ;  on  the  reactions 
t)f  lead  sulphide,  i.  278 
Breithauptite,  ii.  508 
Bridgman,  on  electrolysis  of  zinc-silver 

alloys,  ii.  222,  223* 
Brillenofen,    i.    94,    117,    119,    120,    125; 
used  for  smelting  nickel  matte,  ii. 
533 
Brisson,  on  specific  gravity  of  zinc,  ii.  1 
Britannia-metal,  an  antimony-tin  alloj', 

ii.  436 
Brittany  process  of  lead  extraction,  see 

French  process 
Broadhead,  on  the  Carinthian  process  of 
lead  extraction  in  Missouri,  i.  295  n  ; 
on  tlie  water-cooled  American  hearth 
for  lead  extiaction,  i.  314 n 
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Hrokcji      Hill      Pioprietary      Co.,     the, 
N.S.W.,  Hinelting  lead  carbonate  at, 
i.  415  ;  retiiiiiig  of  lead  ores  from,  i. 
4ii0,  451*,   452*  ;    zinc    desilverising 
process,    i.    5.S3 ;    li(|iiation    of    zinc 
scums,  i.  53G*,  537  ;  Boss  process  of 
silver  extraction  used  by,  i.  ()76* 
Bromine,  extraction  of  gold  by  means  of, 
i.    827 ;    action    with   mei'curic   sul- 
phide,  ii.   253  ;    action   on  bismutli, 
ii.  348 
Bromite,  localities  of,  i.  467 
Broomann,  proposal  for  improvement  in 

zinc  extracting,  ii.  185 
Jirown  Horseshoe  copper  furnace,  i.  76*, 
77*,  78  ;  for  bui'ning  calamine,  ii.  29  ; 
for  calcining  zinc  blende,  ii.  50 
Brown- Allen  copper  furnace,  set  O'Harra 
Briickner  furnace,  for  copper,  i.  80,  81*  ; 
for  calcination  of  copper  matte,   i. 
116,  127,  129,  138  ;  for  roasting  lead 
ores,  i.  339  ;  for  roa.sting  lead  matte, 
i.  383  ;  for  chloridising  roasting  sil- 
ver ores,  i.  683,  684  ;  used  in  Idaho, 
i.  697  ;  for  burning  calamine,  ii.  30 
Brunner,  on  manufacture  of  artificial  cin- 
nabar, ii.  344 
Brunton's  furnace,  for  burning  calamine, 
ii.  29,  51  ;  for  calcining  tinstone,  ii. 
386,   387*,  388 ;  rotary  calciner,  for 
extraction  of  arsenic,  ii.  482,  483,  487 
Bucherer,  on  electrolytic   extraction   of 

aluminium,  ii.  659 
Buchner,  on  composition  of  orpiment,  ii. 

494 
Buti'-Dunlop  process  of  leaching,  i.  208 
BugdoU's  nozzle,  ii.  140* 
Bunker  Hill  Mine,   California,  chlorina- 

ti(m  of  gold  ore  at,  i.  817 
Bunsen,  on  specific  heat  of  silver,  i.  456  ; 
his    electrolytical    method    of    alu- 
minium extraction,  ii.  645 
Bunter  Sanstein,  the,  of  Twiste  Waldeck 

i.  201  ;  lead  in,  i.  390 
Burghardt,    on   electrolysis    of    alkaline 
solutions  for  zinc,  ii.  218  ;  on  extrac- 
tion of  tin  by  electrolj'sis,  ii.  425 
Bustamente   furnaces,  for   extraction  of 

mercury,  ii.  268,  269-273 
Butte  and  Boston  Works,  the,  O'Harra 

furnace  at,  i.  74 
Butte  and  Montana  Works,  the,  O'Harra 
furnace  at,  i.  74 ;  copper  smelting 
reverberatory  furnaces  at,  i.  138 
Butters  and  Clennell,  on  the  MacArthur- 
Forrest  gold-extraction  process,  i. 
828  n,  831  et  seq. 


C 


Cadmium,  present  in  commercial  zinc,  ii. 
3  ;  present  in  zinc  blende,  ii.  13 ; 
present  in  calamine,  ii.  14  ;  reduc- 
tion of,  in  zinc  distillation,  ii.  88 


Cadnuum,   physical    properties,   ii.  241  ; 
chemical    pro[)erties    of,    and  of  its 
compounds  (cadmium  sulphide,  etc.), 
ii,  241-242 ;  sources  of,  ii.  242-243 ; 
uses  of,  ii.  243 
extraction  of,  ii.  243-249  ;   in  the  dry 
way,  ii.  243-246  ;    in  the  wet   way, 
ii.  246-248  ;  by  electrolysis,  ii.  248- 
249  ;  alloys  of  bismuth  and,  ii.  351 
Cagniardelle,  blowing  machine,  i.  93 
Caillot's  Mine,  California,  chlorination  of 

gold  ore,  i.  812 
Cajetes,  in  patio  process,  i.  631 
Calamine,  localities  of,  ii.  14 

burning  or  calcining  of,  ii.  21-32 ;  in 
shaft  furnaces,  ii.  22-23  ;  in  grate- 
fired  shaft  furnaces,  ii.  23-25 ;  in 
fixed  reverberatory  furnaces  (1) 
worked  by  hand,  ii.  25-29,  (2) 
worked  mechanically,  ii.  29  ;  in  re- 
verberatory furnaces  with  movable 
hearths,  ii.  29  ;  with  movable  cham- 
bers, ii.  30  ;  reverberatory  furnaces 
heated  by  waste  heat  of  reduction 
furnaces,  ii.  31-32  ;  zinc  white  pro- 
duced from,  ii.  226 
Calamine,  furnace-,  formation  of,  i.  89, 
320 ;  ii.  15  ;  treatment  of,  ii.  174  et 
seq. 
electric,  see  Hemimorphite 
Calcic   sulphide,  action    of,    on   cuprous 

sixlphide,  i.  9 
Calcite,   reduction   of   in   calcination   of 
zinc  blende,  ii.  36  ;  in  zinc  distilla- 
tion, ii.  87 
Caldron  process,  see  Cazo  process 
California    stamp    mill,    i.    680*,    681* ; 

gold-amalgamation  mill,  ii.  794 
California   Mill,  Virginia  City,  Washoe 
process   of   silver  extraction,  i.  648 
et  seq. 
Canadian   Copper  Company,   method  of 
heap-roasting  at   Sudbury,    i.    34* ; 
nickel  smelting  by,  ii.  523,  529  ;  re- 
fining nickel  matte  by,  ii.  543  ;  ex- 
traction of  nickel  in  the  wet  way,  ii. 
574 
Calomel,  found  with  native  mercury  at 

Montpellier,  ii.  255,  259 
Calvert,  on  thermal  conductivity,  of 
.silver,  i.  456 ;  of  gold,  i.  752 ;  on 
the  expansion  of  zinc  by  heating, 
ii.  2  ;  on  thermal  conductivity  of 
zinc,  ii.  2  ;  of  mercury,  ii.  50 
Calvert  and  Johnson,  on  linear  expansion 
by  heat  of  bismuth,  ii.  347 ;  on 
linear  expansion  by  heat  of  tin,  ii. 
375  ;  on  linear  expansion  of  anti- 
mony, ii.  430  ;  on  thermal  conduc- 
tivity of  antimony,  ii.  431 
Carbon,  action  on  copper,  i.  5  ;  action  on 
cuprous  oxide,  i.  7  ;  action  on  cupric 
oxide,  i.  8  ;  action  on  cupi'ous  sul- 
phide, i.  10,  11  ;  action  on  cupric 
sulphate,    i.    12 ;    smelting   calcined 
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copper  ores  with,  for  matte,  i.  86, 
87  ;  reactions  witli  lead  compounds, 
i.  277,  280,  281  ;  in  smelting  process, 
i.  340,  341  ;  present  in  commercial 
zinc,  ii.  4  ;  action  with  zinc,  ii.  5  ; 
action  with  zinc  oxide,  ii.  6,  7  ; 
action  with  zinc  sulphide,  ii.  9-11  ; 
action  with  zinc  silicate,  ii.  11  ; 
action  with  zinc  sulphate,  ii.  12 ; 
action  with  mercuric  sulphide,  ii. 
253  ;  action  of,  with  nickel,  ii.  497, 
498,  502  ;  eflect  on  aluminium,  ii. 
627 

Carbon  dioxide,  used  in  displacement  of 
gases  from  copper,  i.  2  ;  action  on 
copper,  i.  6  ;  action  on  cuprous  sul- 
phide, i.  11 
monoxide,  absorbed  In-  molten  cop- 
per, i.  2,  5,  6  ;  action  on  cuprous 
oxide,  i.  7  ;  action  on  eupric  oxide, 
i.  8 ;  action  on  cuprous  sulphide, 
i.  11 
Carez,  on   treatment  of  tin-cuttings,  ii. 

424 
Carinthian  process  of  lead-extraction 
by  air-reduction,  i.  289,  290-296  ;  as 
conducted  at  Bleiberg,  i.  290-296, 
319  ;  furnace,  i.  291*,  292,  319  ;  three 
stages  in,  i.  292-293  ;  disadvantages 
of,  i.  294  ;  employed  in  America,  i. 
295*,  296  ;  for  zinc  distillation,  ii. 
94,  100,  101* 
Carleton- Williams,   on   boiling   point   of 

antimony,  ii.  430 
Carnegie  Co.,  the  manufacture  of  nickel- 
steel  by,  ii.  507 

Carnellj-,  on  boiling  point  of  bismuth,  ii. 
347  ;  on  boiling  point  of  antimony, 
ii.  430 

Carnot,  on  extraction  of  bismuth  at 
Meymac,  ii.  362  h 

Carr's  disintegrators,  ii.  107 

Carter,  on  filtration  of  tin,  ii.  416 

Casettes,used  with  shaft-furnaces  worked 
intermittently  for  calcination  of 
cinnabar,  ii.  267 

Cassel's  method  of  electrometallurgical 
extraction  of  gold,  i.  841 

Cassel  and  Kjellin's  process  of  electro- 
Ijsis  of  zinc,  ii.  214 

Cassiterite,  .see  Tin.stone 

Cassius,  purple  of,  gold  in,  i.  752 

Castellero,  first  extracted  mercur}'  from 
Califoi-nian  cinnabar,  ii.  258 

Castilian  blast  furnace,  the,  i.  394,  413 

Castner,  .s-6ft  Devi  lie 

Cavendish,  on  -solidification  of  niercurv, 
ii.  250 

Cazo  process  of  silver  extraction,  i. 
618-620 

Cement  waters,  treatment  of,  i.  209, 
210  ;  -copper.     (See  under  Copper) 

Cement,  gold  bearing  gravel,  i.  771 

Cementation,  or  parting  of  gold  bv  salt, 
i.  846 


Cerussite,  composition  and  localities  of, 
i.  282 

Cervantite,  ii.  437 

Chalcanthite,  localities,  etc.,  i.  15 

Chalcocite,  its  localities,  etc.,  i.  14  ; 
extraction  of  copper,  i.  17  ;  objects 
in  roasting,  i.  25 

Clialcopyrite,  leduction  of,  in  calcination 
of  zinc  blende,  ii.  35  ;  nee  Copper 
pyrites 

Chance,  on  precipitation  of  copper  by 
residues  of  Leblanc  soda  works, 
i.  209 

Changy,  on  extraction  of  tin  by  electro- 
lysis, ii.  427 

le  Cliatelier,  Andre,  on  tenacity  of  heated 
aluminium,  ii.  627 

Chenhall,  his  furnace  for  zinc  distillation, 
ii.  101 

Chessylite,  -see  Azurite 

Chilian  Mill,  for  the  Kriihnke  process, 
i.  622.  623,*  627  :  for  gold  amalga- 
mation, i.  772 

China-silver,  ii.  506 

Chinese  furnaces  for  tin  smelting,  ii.  403 

Chloanthite,  ii.  508 

Cidorides,  the  solubility  of  the  various, 
i.  461  ;  alkaline,  melted  with  zinc 
scums,  i.  549 

Chloridising  roasting  of  cuprous  sulphide, 
i.  10  ;  of  silver  ores,  i.  682-688 

Chlorination  of  gold  ore,  i.  810-819 ; 
without  agitation  of  ore,  i.  810-815  : 
with  agitation  of  ore,  i.  815-819 

Chlorine,  action  on  silver,  i.  457  ;  present 
in  commercial  zinc,  ii.  4  ;  action  on 
bismuth,  ii.  348 ;  action  with  arsenic, 
ii.  472  ;  effect  on  nickel,  ii.  498 

Chloi'ine  gas,  gold-parting  by,  i.  847-850 

Christofle,  method  of  nickel  extraction, 
ii.  578 

Christofle's  metal,  «f^  China-silver 

Cln-istofle  works  at  St.  Denis,  nickel 
extraction  at,  ii.  582,  585 

Ciirist}',  S.  B.,  on  calcination  of  gold 
ores,  i.  807 

Chromite,  ii.  508 

Chrysocolla,  localities,  etc.,  i.  15 

Cinnabar,  artificial,  ii.  252 

native,  ii.  252  ;  localities  of,  ii.  255- 
259  ;  hepatic,  ii.  255  ;  manufacture 
of  artificial,  ii.  344  346  ;  green,  see 
Zinc  green.  (For  treatment  of,  see 
under  Mercury. ) 

Clapham,  on  production  of  chloride  f)f 
copper  in  dry  way,  i.  221 

Classen,  on  melting  point  of  bismuth,  ii. 
347 

Classen  and  Liulwig,  method  of  anti- 
mony extraction,  ii.  468 

Claudet's  process,  i.  739 

Clav,    fireproof,    for    vessels    for     zinc- 
'  distillation,  ii.  91-93,  98 

Clement,  on  i)atio  ])rocess,  i.  634 

Clerc,  on    the  Jumbo  furnace,  i.  315  ii  ; 
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proposal   for   impi'ovenient    in    zinc 

extraction,    ii.    18")  n  ;   on    Bartlett 

process,  ii.  236  v 
Coal-tar  colours,  extraction  of  arsenical 

products  from  the  residues,  ii.  495 
('oarse  metal,  smelting  copper-matte  for, 

i.    125-139;    calcining,    i.    139-140; 

smelting   for   wiiite   metal,    i.    140  ; 

methods  of  working,  i.  148-151 
Cobalt,  action  in  electroljsis  of  copper 

slimes,   i.   262,   263  ;  in  speiss  from 

lead  smelting,  i.  389 ;  arsenical  ores 

of,  ii.  476  ;  tin-white,  ii.  476  ;  effect 

on  nickel,  ii.  497,  502 
]ihysical  properties,  ii.   597  ;  chemical 

properties,  and  compounds,   ii.   597, 

598  ;  ores,  ii.  598  ;  extraction  of  co- 
balt oxide,  ii.  600-608  ;  extraction  of 

metallic  cobalt,  ii.  608  ;  production 

of   smalt,    ii.    609  ;    manufacture    of 

special   cobalt   compounds,    ii.   613 ; 

alloy  of  aluminium  and,  ii.  631 
( Jobaltamines,  ii.  598 
<  'obalt,  bloom,  ii.  599  ;  bright  white-,  ii. 

598 ;  bronze,    ii.    600,    613 ;    glance, 

ii.  476,  598  ;  nickel   pyrites,  ii.  599  ; 

pj'rites,  ii.  598  ;  tin  white-,  ii.  598  ; 

ultramarine,  ii.  600,  613  ;  -vitriol,  ii. 

599 
CoVjaltic  oxide,  ii.  597 
Cobaltine,  ii.  598 
Cobaltoso-cobaltic  oxide,  ii.  597 
Cobaltous  oxide,  ii.   597  ;    sulphide  and 

sulpliate,  ii.  598 
Coccinite,  ii.  259 
Cochlovius'  adapter  for  zinc-distillation 

furnaces,  ii.  158*,  159 
< 'ockerill    Works,   Belgium,  ferro-nickel 

made  at,  ii.  506 
Coehn,   on  electrolysis  of   zinc,   ii.   201, 

214 
Colas,  in  patio  process,  i.  645 
Cold-shortness,  causes  of,  in    copper,  i. 

2-6 
CoUinsville  Zinc  Co.,  the.  Brown-furnace 

for  calcining  zinc-blende  used  by,  ii. 

50 
( 'ombination  Mining  and  Milling  Co.  ;  at 

Philijjsburg,  combination  process  of 

silver  exti-action  at,  i.  674 
(Jombination  pan,  for  Washoe  process,  i. 

658,  659* 
(Combination  process  of  silver  extraction, 

i.  674 
Comstock  lode,  tiie,  Washoe  pi'ocess  of 

silver  extraction  used  for  ores  from, 

i.  658  fit  seq. 
Condensers    for    mercury    furnaces,     ii. 

265-267 ;  composition  of  soot  from,  ii. 

329-332;  treatment  of  soot  from,  ii. 

332-335  ;  acid  water  from,  ii.    335, 

336  ;  (see  Adapters) 
Condensing   flue  for   arsenious   acid,   ii. 

484,  485* 
Conechy,  on  volatility  of  arsenic,  ii.  471 


(Jonsolidated  Kansas  City  Smelting  and 
Refining  Co.,  i.  414  ;  composition  of 
refined  market  lead  from  the,  i.  455 

Consolidated  Virginia  Mill,  Washoe  pro- 
cess of  silver  extraction,  i.  648  at 
■seq. 

Converter  process  of  copper  extraction, 
i.  21-24,  158-166;  refining  nickel- 
matte  in,  530,  542  ef  neq.  (for  various 
converters  see  under  Bessemer, 
Manhes,  Stalman,  etc.) 

Cookson  and  Co.,  Messrs.,  works  of,  near 
Newcastle-on-Tyne,  i.  312  ;  anti- 
mony reduction  by,  ii.  457 

Copper,  physical  properties  i.  1-6; 
chemical  properties,  i.  6,  7  ;  chemi- 
cal reactions  of  compounds  of,  i. 
7-13 ;  ores  and  their  localities,  i. 
13-15  ;  artificial  products  of,  i.  15  ; 
methods  of  extraction,  i.  16 

EXTRACTION        OF        COPPKR        BY        DRY 

METHODS,  i.  17-198  ;  various  pro- 
cesses, i.   18-24 

German  process,  i.  18-125  ;  calcination 
of  ores,  i.  25-28  ;  normal  heap- 
roasting,  i.  29-34  :  kernel  roasting, 
i.  34-37  ;  heap-roasting  of  fines,  i. 
37,  38  ;  removal  of  Intumen  by 
heap-roasting,  i.  38  ;  calcining  in 
stalls,  i.  38-44  ;  in  pyrites  burners, 
i.  44-49  ;  in  kilns,  i.  49-52  ;  in  shaft 
furnaces,  i.  52-67  ;  in  reverberatory 
furnaces,  i.  67-83  ;  in  muffle  fur- 
naces, i.  83-86  ;  smelting  for  matte, 
i.  86-112;  calcination  of  matte,  i. 
112-116  ;  smelting  of  calcined  matte 
for  coarse  copper,  i.  117-122  ;  smelt- 
ing with  concentration  of  matte,  i. 
120-125 

English  process  of  smelting,  i.  125-139  ; 
calcining  ores,  i.  126-129  ;  smelting 
calcined  ore  in  reverberatory  fur- 
naces, i.  129  ;  compositions  of 
various  pyritic  ores  i.  130  ;  calcina- 
tion of  coarse  metal,  i.  139,  140  ; 
smelting  calcined  coarse  metal,  i. 
140-143 ;  smelting  white  metal,  i. 
143-146  ;  treatment  of  coarse  metal 
for  coarse  copper,  i.  147-151  ;  treat- 
ment of  copper  bottoms,  i.  151,  152  ; 
examples  of  English  process  of 
smelting,  i.  152,  153 

Anglo-German  process,  i.  153-158 

Bessemer  process  (converter),  i.  158- 
166 

pyritic  smelting  of  copper,  i.  156,  167  ; 
extraction  of,  from  oxides  and  salts 
of,  and  from  ores  containing  native 
copper,  i.  167-169 

purification  of  coarse  copper  in  the  dry 
way,  i.  169-198:  various  methods, 
i.  171  ;  by  separate  refining  and 
toughening,  i.  171-181  ;  production 
of  tough-pitch  copper,  i.  180,  181  : 
purification  in  refining  hearth,  i.  181 
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Copper,  refining  by  luiglisii  jjrocess,  i. 
181-198:  casting  copper,  i  192,  193; 
impurities  in  tlie  various  refined 
coppers,  i.  194 

KXTRACTION     BY    WKT   METHODS,  i,   198- 

248  ;  from  ores  that  contain  copper 
as  oxide  or  carbonate,  i.  199  ;  solu- 
tion of,  i.  199  ;  lixiviation  l)y  means 
of  sulphuric  acid,  i.  199,  200  ; 
hydrochloric  acid,  i.  200,  201  ;  with 
other  solvents,  i.  204,  205  ;  precipi- 
tation of  copper,  i.  205-208 

extraction  from  ores  that  contain  it 
as  sulphate,  i.  208-210  ;  as  sulphide, 
i,  210-235 ;  transformation  of  sul- 
phide into  sulphate,  i.  210-216  ; 
transformation  of  sulphide  into  oxide, 
i.  216  ;  transformation  of  sulphide 
into  chloride,  i.  216-235  ;  composi- 
tion of  ores  calcined  for  chloride  of 
copper,  i.  225,  226,  227  ;  works  for, 
228-234,  235 ;  dissolving  copper  out 
of  the  ores,  i.  236-240  ;  solution  of 
sulphate,  i.  236  ;  solution  of  oxide, 
i.  236,  237  ;  of  chloride,  237-240 

precipitation  of  copper  from  solutions, 
i.  240-246  :  from  cupric  sulphate,  i. 
240,  244  ;  from  copper  chloride,  i. 
241-246 ;  conversion  of  cement 
copper  into  merchantable  copper,  i. 
246-248 

EXTRACTION  BY  ELECTRO  -  METALLUR- 
GICAL METHODS,  i.  248-274  ;  from 
ores,  i.  249-257  ;  from  mattes,  i. 
257-260;  from  alloys,  i.  260-273, 
274 

effect  of  copper  on  lead,  i.  276-280  ;  in 
roasting  and  reduction  process,  i. 
321  ;  in  smelting  process,  i.  342  ;  in 
products  of  blastfurnace  smelting  of 
lead,  i.  381,  382;  in  various  lead 
ores,  i.  386  ct  seq.  ;  reduction  in  iron- 
reduction  process  of  lead  extraction, 
i.  395  ;  extraction  of  black  copper 
from  lead  mattes,  i.  408  ;  lead 
extracted  from  Hue  dust  from 
Mansfeld  copper  works,  i.  422  : 
elimination  of,  in  retinintr  of  lead,  i. 
431  -  ' 

action  of  copper  on  silver  sulphide,  i. 
459,  460  ;  alloy  of  silver  and,  i.  464  ; 
silver  in  copper  schist  of  Mansfeld, 
1.  468  ;  extraction  of  silver  from 
argentiferous  black  copper  by  sul- 
phuiicacid,  i.  6(13  6i)8  ;  from  copper 
matte,  i.  608-610 

effect  of  copjjeron  gold,  i.  756  ;  reduc- 
tion of,  in  gold-retining,  i  854,  868 ; 
present  in  connnercial  zinc,  ii.  4 ; 
action  with  zinc  sulphide,  ii.  10 ; 
treatment  of  witli  zinc  calcination 
products,  ii.  83,  84  ;  action  with 
mercuric  suli)hide,  ii.  253  ;  contained 
in  crude  liismutli,  ii.  369  ;  extracted 
from  crude  Idsuuilli,    ii.   371  ;  effect 


on  tin,  ii.  375  ;  separation  from  tin, 
ii.  382,  383,  390  ;  alloys  of  antimony 
and,  ii.  436,  437  ;  effect  on  nickel, 
ii.  497,  500-508  ;  in  German  silver, 
ii.  506 ;  exti'action  of  nickel  from 
ores  containing,  ii.  511  ef  .seq.  ;  forma- 
tion of  copper-nickel  matte,  ii.  530  ; 
formation  of  copper-nickel  alloys,  ii. 
544  et  seq.  ;  effect  on  aluminium,  ii. 
627 

Copper-l)ismuth  glance,  ii.  352 

Copper,  black,  proiluction  of  in  smelting 
of  "  bleistein,"  i.  158  ;  composition 
of  after  electrolysis  of  copper  slime, 
i.  265  (.see  also  Melaconite,  Blister 
Copper) 

Copper,  cake-,  i.  151 

Copper,  carbonates  of,  reactions  of,  i.  9 

Copper,  cement,  compositions  of  from 
various  places,  i.  245,  246;  con- 
version into  merchantable  copper,  i. 
246  248 

Copper  glance,  .see  Chalcocite 

Copper,  Lake-,  i.  194,  196 

Copper  matte,  (Sulphide  of  Iron  and 
Copper),  i.  9  ;  action  of  air  and  silica 
on,  i.  10  ;  treatment  of,  in  German 
smelting  process,  i.  19  ;  in  English 
process,  i.  20,  21  ;  in  Bessemer  pro- 
cess, 1.  21  ;  smelting  calcined  ores 
for,  in  shaft  furnaces,  i.  86-112 ; 
separation  of,  from  slag,  i.  88-90,  94, 
95  ;  coarse,  composition  of,  i.  110, 
111;  calcination  of,  i.  112-116; 
smelting  calcined  matte  for  coarse 
metal,  i.  117-122;  production  of 
"  diinnstein,"  i.  117  ;  concentration 
of,combined  with  extraction  of  copper 
by  German  process,  i.  120-125 ; 
composition  of,  in  smelting  coarse 
copper,  i.  141  ;  concentration  by 
Welsh  process,  i.  147  ;  from  smelt- 
ing kupferschiefer,  i.  155 :  from 
smelting  "bleistein,"  i.  157,  158; 
production  of  coarse  copper  from,  by 
Bessemer  process,  i.  158-166  ;  con- 
centration of,  in  Stalman  converter, 
i.  165  ;  extraction  of  copjier  from, 
by  electrolysis,  i.  257-260 :  silver 
extraction  from,  i.  608-610  ;  amal- 
gamation of,  i.  692,  693 ;  of  black 
copper,  i.  693,  694 ;  of  speiss,  i. 
694-696 

Copper-mica,  effect  of,  on  copper,  i.  5,  6, 
173 

Copper,  Moss-,  composition  of,  i.  149 

Co})j)er  pyrites,  i.  14  ;  extraction  of  cop- 
per, i.  17  ;  objects  in  roasting,  i,  25, 
26  ;  analysis  by  Peters  of  a  heap  of, 
before  and  after  calcination,  i.  33  ; 
calcined  in  Malctra  furnace,  i.  58  ; 
smelting  of,  in  United  States,  i.  91  ; 
at  Mansfeld,  i.  113:  calcination  of, 
for  suIi)lKitc,  i.  213-215 

Copper,  Rosette-,  i.  174 
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Copper-scale,    production    of,    i.    (!  ;    in 

toughening  process,  i.  181 
Copper  schists,  .^ec^  Kupferschiefer 
Copper,  silicates  of,  reactions  of,  i.  9 
Copper  slag,  treatment  of  in  various 
processes  of  calcination,  i.  2*2- 24  ; 
separation  from  matte  in  smelting  of 
calcined  copper  ores,  i.  88-90,  94, 
95  ;  table  showing  composition  of, 
from  Oker,  Rilros,  Altenau,  Fahlun, 
and  Mansfeld,  i.  90,  111;  composi- 
tion of  slags  in  P^nglish  copper 
smelting  process,  i.  12(i,  127  ;  from 
Welsh  process  of  copper  smelting, 
Le  Play  on  composition  of,  i.  139, 
141  ;  -metal,  red  and  white,  i.  150  ; 
from  Stalman  converter,  composition 
of,  i.  164  ;  from  copper  refineries,  i. 
180,  194 ;  composition  of  Welsh 
refinery  slag,  i.  195 

Copper  Sulphide  (CuoS),  ■■<ee  Cuprous 
sulphide 

Copper,  Tile-,  i.  147,  151 

Copper,  tough-,  i.  148  ;  tough-pitch,  i. 
194 

Copper  vitriol,  see  Chalcanthite 

Copper  Queen  Company's  works,  Bisbee, 
Arizona,  Manhes-David  converter  at, 
i.   162 

Copper  Queen  Mine,  Arizona,  process  of 
smelting  at,  i.  168,  169 

Cordurie,  on  oxidation  of  zinc  by  steam, 
i.  550 

Cordurie  process,  for  treatment  of  zinc 
scums,  i.  550 

Cornish  process  of  lead  extraction,  i. 
296 

Cornwall  furnace,  for  zinc-distillation,  ii. 
115*, 116 

Corraline  ore,  ii.  255 

Corrosive  sublimate,  .see  Mercuric 
chloride 

Cortez  Mills,  Nevada,  patio  process  at, 
i.  719 

Corundum,  ii.  633,  634 

Cousino,  firm  of,  at  Lota,  Chili,  con- 
verters used  by,  i.  166 

Covellite,  localities,  &c.,  i.  14 

Cowles  Brothers,  process  of  aluminium 
extraction,  ii.  635,  636,  647,  660 

Cowper-Coles,  on  electrolysis  of  zinc,  ii. 
201 

Cradle  gold- washer,  i.  760,  761* 

Cramer,  on  Chinese  tin-smelting  furnaces, 
ii.  403  « 

Crawford  Mill,  i.  776,  777" 

Creighton,  on  melting-point  of  tin,  ii. 
375 

Crell,  on  gold-parting  by  sulphur,  i. 
846 

Crocoite,  i.  283 

Crooke  process  of  leading  silver  matte, 
i.  486 

Crosby's  amalgamators,  i.  801 

Crucible  hearth,  see  Tiegelofen 


Crude  copper.  {See  wider  Copper,  Blister 
copper) 

Cryolite,  ii.  633,  634 

Cupellation  of  rich  zinc  scums,  i.  549 
of  argentiferous  lead,  i.  566-568  ;  in 
(ierman  furnace,  i.  568,  583  ;  with- 
out addition  of  lead,  i.  583-585 ; 
with  additions  of  lead,  i,  585,  586  ; 
in  English  furnace,  i.  586,  595  ;  of 
auriferous  lead,  i.  763 

Cupellation  furnaces,  extraction   of  bis- 
muth in,  ii.  361-363 

Cupellation   processes,   smelting   of   the 
bye-products  of,  i.  422,  430 

Cupric  chloride  (CuClj),  action  on  cop- 
per, i.  11  ;  chemical  reactions  of,  i. 
12,  13;  action  of  electrolysis,  i.  13  ; 
transformation  of  sulphide  into,  i. 
216,  235  ;  solution  of  copper  as,  i. 
237,  240 ;  precipitation  of  copper 
from,  i.  241,  246 
oxide  (CuO)  produced  by  action  of  heat 
on  copper,  i.  6 ;  chemical  reactions  of, 
i.  8  ;  action  on  cuprous  sulpiiide,  i. 
10  ;  action  on  cupric  chloride,  i.  12  ; 
reduction  of  in  extraction  of  copper 
ores  by  German  process,  i.  19  ;  re- 
duction of  by  English  process,  i.  20  ; 
reduction  by  Bessemer  process,  i. 
21 ;  solution  of  copper  as,  i.  236,  237 
sulphate,  action  of,  as  electrolyte,  in 
precipitation  of  copper,  i.  7  ;  chemi- 
cal reactions  of,  i.  12 ;  action  of 
electrolysis  upon,  i.  12 ;  reduction 
of  in  extraction  of  copper  ores  by 
(xerman  process,  i.  19  ;  by  the 
English  process,  i.  20  ;  solution  of 
copper  as,  i.  236  ;  precipitation  of 
copper  from,  i.  240,  241 
sulphide,  chemical  reactions  of,  i.  9-11 

Cupriferous  artificial  products,  i.  15 

Cuprite  (CugO),  its  localities,  etc.,  i.  13 

Cuproso-lead  oxide,  action  on,  i.  3 

Cuprous  chloride  (Cu-iCU),  chemical  reac- 
tions of,  i.  12  ;  action  of  electrolysis 
in,  i.  12  ;  transformation  of  sulphide 
into,  i.  216,  235  ;  solution  of  copper 
as,  i.  237,  240  ;  precipitation  of  cop- 
per from,  i.  241,  246 
oxide  (CuqO),  absorbed  by  molten  cop- 
per, i.  2,  3  ;  effect  of,  combined  with 
oxide  of  bismuth,  on  copper,  i.  4 ;  pro- 
duced by  heating  copper  to  redness,  i. 
6 ;  chemical  reactions  of,  i.  78  ;  action 
on  cuprous  sulphide,  i.  10  ;  reduc- 
tion of  in  extraction  of  copper  ores, 
bj'  German  process,  i.  19  ;  reduction 
of  by  English  process,  i.  20 ;  reduc- 
tion by  Bessemer  process,  i.  21  ; 
transformation  of  sulphide  into,  i. 
216  ;  solution  of  copper  as,  i.  236, 
237  ;  action  in  electroljsis  of  copper 
slimes,  i.  261 
sulphide  (CuoS),  action  on  copper, 
i.    5  ;    action    on    cuprous     oxide. 
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i.  7  ;  action  on  cupric  oxide,  i.  8  ; 
chemical  reactions  of,  i.  9,  12  ;  elec- 
trolysis of,  i.  11  ;  action  on  cupric 
sulphate,  i.  12  ;  reduction  of  in 
English  j)rocess  of  extraction,  i.  20  ; 
copper  soluble  in,  i.  149  ;  reduction 
of  for  copper,  i.  210,  235  ;  action  in 
electrolysis  of  copper  slimes,  i.  261 

Currie,  S.  C. ,  on  electrolysis  of  alkaline 
solutions  for  zinc,  ii.  218 

Curtis,  W.  M.,  on  solubility  of  the 
various  chlorides,  i.  461  ;  on  Augus- 
tin  process,  i.  709 

Custer  Mill,  Idaho,  pan  amalgamation 
at,  i.  697 

Cyanidation,  direct,  of  gold  ores,  i.  839- 
841  ;  (see  MacArthur-Forrest  pro- 
cess) 

Czermak  furnace  for  cupellation  of  ar- 
gentiferous lead,  at  Przibram,  i.  070, 
576*  ;  mercury,  ii.  305,  306*-309, 
312  ;  composition  of  mercurial  soot 
from,  ii.  331  ;  treatment  of  soot  in,  ii. 
335  ;  various  ores  treated  in,  ii.  337, 
338 

Czermak  condenser,  used  with  Exeli 
furnaces,  ii.  280 ;  with  Langer  fur- 
naces, ii.  289 
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Dachberg,  i.  155 

Dagner's  adapters,  ii.  136*-139 ;  zinc 
fume  from,  ii.  184  ;  cadmium  ex- 
tracted from  fiue-dust  caught  bv,  ii. 
244,  245 

Dammer,  on  Brand's  electrolytic  uietliod 
of  tin-refining,  ii.  428?t 

Uaniell,  on  the  melting-point  of  zinc,  ii. 
2,4 

Davey,  on  Bartlett  process,  ii.  236h 

David,  converters  of,  sef  Manhes 

Davies,  on  production  of  work-lead  from 
speiss,  i.  496 

Davis  process  of  gold  chlorination,  i. 
816  ;  of  precipitation,  i.  821 

Day  Dawn  Mine,  the,  W.  Australia. 
MacArthur-Forrest  gold-extraction 
process  at,  i.  830  et  seq. 

Dead-roasting  of  copper  matte,  i.  113- 
116 

Debray,  on  chemical  reactions  of  silver 
oxide,  i.  457 

Decomposing  cells,  used  in  electi'o- metal- 
lurgical method  of  copper  extraction, 
i.  251* 

Deetken,  on  Plattner  process,  i.  804 ; 
on  cldorination  of  gold  ore,  i.  814 

Degenhardt,  on  chw  vessels  for  zinc- 
distillation,  ii.  93 

De  Luyne,  on  extraction  of  bisnuith  from 
alloys,  ii.  364,  365 

Demarcaj',  on  boiling-point  of  antimonv, 
ii.  430 


Dense-poling,  .see  Poling. 

Dentistry,  cadmium  used  in,  ii.  243  ; 
Insmuth  iised  in,  ii.  351 

Desciiamps,  liis  method  of  purification  of 
bismuth,  ii.  372 

Designolle's  process  of  amalgamation,  i. 
702  ef  mq.,  802 

Desilverisation.     {See  under  Silver,  etc.) 

Despretz,  on  thermal  conductivity  of 
silver,  i.  456  ;  of  gold,  i.  752 

Detroit  Copper  Co.,  the,  treatment  of 
oxidised  ores  in  works  of,  i.  168,  169 

Deville,  on  the  volatility  of  zinc,  ii.  2  ; 
on  the  chemical  reactions  of  zinc 
oxide,  ii.  7  ;  on  the  boiling  point  of 
cadmium,  ii.  241  ;  on  tensile  strength 
of  nickel,  ii.  496  :  analj'sis  of  Cali- 
fornian  crude  platinum,  ii.  617  ;  on 
crystallisation  of  aluminium,  ii.  626  ; 
on  specific  heat  of  aluminium,  ii. 
627  ;  his  method  of  aluminium  ex- 
traction, ii.  637  ;  the  Deville-Castner 
method,  ii.  640 ;  his  electrolytic 
method  of  extraction,  ii.  645 

Deville  furnace,  the,  for  extraction  of 
platinum,  ii.  618,  619* 

Deville  and  Caron,  on  tin-iron  alloys,  ii. 
407 

Deville  and  Debray,  on  specific  gravit}-  of 
platinum,  ii.  614  ;  analysis  of  Choco 
crude  platinum,  ii.  617  ;  on  extrac- 
tion of  platinum,  ii.  618 

Devon  Great  Consols  Mine,  Devon, 
arsenic  from,  ii.  480. 

Dewey,  on  Moffet  hearth,  i.  315  n 

Dick,  on  chemical  reactions  of  zinc 
oxide,  ii.  7 

Dietrich,  on  composition  of  lead  ore  from 
Przibram,  i.  391 

Diez,  on  composition  of  ancient  Laurium 
slags,  i.  420 

Dingier,  on  nickel  smelting  at  Kragero, 
ii.  529  ;/,  536  w  et  -seq. 

Distillation  of  zinc  scums,  i.  540-548  ;  ii. 
84 

Distillation  residues,  mercurial,  ii.  336 

Dixon,  method  of  nickel  extraction,  ii. 
577  ;  on  extraction  of  nickel  from 
speiss,  ii.  586 

Dodge's  stone-crushers,  used  in  Washoe 
process  of  silver  extraction,  i.  649, 
776 

Dilbereiner,  on  extraction  of  platinum, 
ii.  622 

Dotsch  ])rocess  of  formation  of  chloride 
of  copper,  i.  217,  218,  237 

Dole,  .see  Moulin 

Dolomite,  reduction  of,  in  calcination  of 
zinc  l)lende,  ii.  36 

Donath,  on  treatment  of  tin-cuttings,  ii. 
424 

Dony,  Abbe,  <lesigner  of  Liege  furnace, 
"ii.  112 

Douglas  furnace  for  copper,  i.  85,  86  ;  for 
calcining  zinc  blende,  ii.  74 
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Douglas,  .Tames,  his  Manlius  and  David 
converter  at  Bisbee,  Arizona,  i.  162  ; 
liis  process  of  copper  extraction,  i. 
202-204 

Down,  on  precipitation  of  copper,  i.  206 

Draught  furnaces  for  smelting  lead  ores, 
i.  348,  849*,  350*,  351 

Drumlummon  Mill,  Montana,  gold  amal- 
gamation by  means  of  amalgamated 
plates,  i.  797 

Dry  copper,  see  Gaarkupfer 

"  Drying  "  process  in  production  of  silver 
from  work-lead,  i.  500,  501*,  502 

Duclos,  proposal  for  improvements  in 
zinc  extraction,  ii.  185 

Diinnstein,  production  of,  i.  117  ;  com- 
position of,  i.  118,  119 

Diirre,  on  Belgo-Silesian  furnaces  for 
zinc  distillation  used  in  Rhine  pro- 
vinces, ii.  155  ;  on  production  of  zinc 
white,  ii.  226,  230 «,  232 

Dullo,  on  extraction  of  platinum,  ii.  623 

Dulong,  on  specific  heat  of  gold.  i.  753  ; 
on  boiling  point  of  mercury,  ii.  250 

Dumping  tiie  ores,  in  copper  heap-roast- 
ing, i.  31 

Dust  furnaces  for  roasting  powdered  lead 
ores,  i.  328 

Dyar,  proposal  for  improvements  in  zinc 
extraction,  ii.  185 

Dye  works,  tin  precipitated  from  waste 
water  of,  ii.  423 

Dyscrasite,  localities  of,  i.  466 


E 


Earthy  cobalt,  ii.  598,  599 

Ebermayer,  on  smelting  roastetl  nickel 
matte,  ii.  535 ;  on  refining  nickel 
matte,  ii.  540  ft  seq. 

Eckart  Works,  the,  Mansfeld,  manu- 
facture of  sulphuric  acid  at,  i.  155 

Edelmann,  on  production  of  a  zinc-silver 
alloy  from  work-lead,  i.  561  ;  on  im- 
purities in  commercial  zinc,  ii.  3  ;  on 
refining  zinc,  ii.  178 

Editha  smalt  works,  Silesia,  extraction 
of  nickel  by  electrolysis,  ii.  589 ; 
separation  of  nickel  and  cobalt  at, 
ii.  602 

Edmunds,  on  treatment  of  tin-cuttings, 
ii.  422 

Edward  Morrison  Consolidated  Mining 
Co. ,  the,  at  Zacatecas,  i.  630 

EgestorfFs  salt  works,  electrolysis  of 
sulphate  of  zinc  at,  ii.  206 

Eggertz,  on  cuprous  oxide  in  coppei',  i.  2 

Egleston,  on  effect  of  tellurium  on 
copper,  i.  4  ;  on  lake  copper,  i.  196  ; 
on  the  Cazo  process,  i.  618  ;t  ;  on 
patio  process,  i.  636  n,  661,  671,  672  ; 
on  the  Stevenson  pan,  i.  658  «  ;  on 
Californian  stamp  mill,  681  ;  on  the 
Stetefeldt  furnace,  i.   687  ;  on  sizes 


of  gold  nuggets,  i.  757  ;  on  hydrau- 
lic mining,  i.  766  et  .seq.  ;  on  Hunt- 
ington gold  amalgamation  mills,  i. 
774  ?t ;  on  stamp  mills,  i.  784  et  ■seq.  ; 
on  Boss  system  of  pan  amalgamation, 
i.  796  ;  on  amalgamated  plates,  i. 
797  ;  on  calcination  of  gold  ores,  i. 
808  ;  on  chlorination  of  gold  ore,  i. 
814;  on  inquartation,  i.  852 «;  on 
gold  refining,  i.  856  n  tt  .seq.  ;  on  ex- 
ternally fired  furnaces  for  calcination 
of  cinnabar,  ii.  276  v,  ;  on  Exeli  fur- 
naces, ii.  280  n,  283-286  ;  on  Knox 
furnaces,  ii.  290,  292  ;  on  Granzita 
furnaces,  ii.  297  m-301  n  ;  on  Tierras 
furnaces,  ii.  303  ;  on  Livermore 
furnaces,  ii.  305;  on  calcination  of 
cinnabar  with  lime  or  iron,  ii.  324  ?i  ; 
on  treatment  of  mercurial  soot  in 
California,  ii.  332  n,  334  n 
Ehrenwerth,  on  production  of  zinc  white 
at  Bethlehem,  ii.  233  n.  ;  on  nickel 
steel  manufacture,  ii.  507  ;  on  com- 
position of  nickel  mattes,  ii.  526  n  ; 
on  removal  of  copper  from  nickel 
matte,  ii.  550,  553 
Eich,  on  Krohnke  process,  i.  621 
Eichhorn,on  theLiebig-Eichhorn  furnace,, 

ii.  65 
Eilers,    on     composition    of    slag    from 
American   lead    smelting  works,    i. 
346 
Eissler,  on  Probert's  furnace,  i.  353  n 
p]lbkupferwerk,   the,   near  Hamburg,   i. 

152 
Electrolysis,  action  on  impure  copper, 
i.  7  ;  on  cupi-ous  sulphide,  i.  11  ;  on 
cupric  sulphate,  i.  12  ;  on  cuprous 
chloride,  i.  12  ;  on  cupric  chloride, 
i.  13  ;  methods  of  copper  extraction 
by,  i.  16  ;  in  desilverisation  of  copper 
ores,  i.  23,  24  ;  treatment  of  bottoms 
at  Wallaroo  by,  i.  153 ;  used  in 
purification  of  coarse  copper,  i.  170  ; 
extraction  of  copper  from  ores, 
i.  249-257  ;  from  mattes,  i.  257-260  ; 
from  alloys,  i.  260-273*,  274;  refining 
of  lead  by,  i.  433  ;  of  silver,  i.  749- 
751  ;  parting  of  gold  by,  i.  873-876  ; 
of  zinc,  ii.  198-240  {-see  under  Zinc) ; 
extraction  of  cadmium  by,  ii.  248, 
249  ;  extraction  of  mercury  by,  ii. 
343-344  ;  extraction  of  bismuth  from 
lead  alloys  by,  ii.  365-368  ;  extrac- 
tion of  tin  by,  ii.  424-428  ;  refining 
of  tin  by,  ii.  428  ;  extraction  of  anti- 
mony by,  ii.  468-470  ;  extraction  of 
arsenic  by,  ii.  479,  480 ;  extraction 
of  nickel  by,  ii.  588-591  ;  extraction 
of  platinum  by,  ii.  625  ;  extraction 
of  aluminium  by,  ii.  635,  636,  645- 
664 
Eliot,  on  imparities  of  zinc,  ii.  2-4 
Elkington,  method  of  extraction  of 
copper  from  its  alloj's,  i.  260 
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lilliot  Works,  the.  South  Wales,  circular 
shaft  furnaces  used  at,  i.  103 

Eisner,  on  volatility  of  gold,  i.  7o2  ;  on 
solubility  of  gold  in  potassium 
c\anide,  i.  829  "     " 

Kly  pig  copper,  analysis  of,  i.  118 

Embolite,  localities  of,  i.  468 

Emmens,  on  production  of  refined  nickel 
matte,  ii.  549  ;  on  extraction  of 
nickel  in  the  wet  way,  ii.  574 

P'nargite,  localities,  etc.,  i.  15 

Engelhardt,  on  extraction  of  gold  by 
bromine,  i.  827 

English  process  of  copper  smelting,  i. 
125-139;  various  operations,  i.  125, 
126 
calcining  the  ores,  i,  126-129  :  smelting 
calcined  ores,  i.  129-139  ;  calcination 
of  coarse  copper,  i.  139,  140  ; 
smelting  coarse  copper,  i.  140-143  ; 
smelting  M'hite  metal,  i.  143-147 
with  repeated  concentration  processes, 
i.  147-152;  examples  of,  i.  152, 
153 

{see  Anglo-German  process,  Rever- 
beratorj-  furnaces,  etc. ) 
of  extraction  of  lead  bv  air-reduction, 
i.  289,  296-303  ;  furnaces  for,  i.  298*, 
299,  300*  ;  localities  used  in,  i. 
300-303 

English  calciner  for  copper  extraction,  i. 
127,  128*,  129  ;  for  lead  extraction,  i. 
297,  298*,  299*,  300  ;  for  cupellation 
of  argentiferous  lead,  i.  586  ef  seq.  : 
for  zinc  distillation,  ii.  94,  98,  99*. 
100* 

Erdmann,  on  separation  of  cobalt  and 
nickel,  ii.  602 

Ernst,  on  Nikitowka  Mercurv  Works, 
ii.  341 71 

Erubescite,  .see  Bornite,  i.  14 

Erythrine,  .see  Cobalt  bloom 

Escosura.  on  the  Bustamente  furnace,  ii. 
268  H,  273 

Estufa,  in  patio  process,  i.  636 

Eulj^ine,  .see  Bismuthic  silicate 

Eureka  Consolidated  Works,  Nevada, 
production  of  work-lead  from  Speiss, 
i.  496 ;  Bozan  process  at,  i.  518  ; 
Wheeler  ])an  at,  i.  659  ;  calcination 
of  gold  ore  at,  i.  809 

Eureka  rubber,  for  gold  amalgamation 
processes,  i.  797,  798 

Exeli  funiace,  ii.  279*-286  ;  reverberatory 
furnaces  for  extraction  of  mercury, 
ii.  309,  311,312*;  furnaces  for  ore 
fines  and  soot,  ii.  324 ;  his  soot- 
presses,  ii.  332,  333* 


Faber  du  Faur,  his  furnace  for  distilla- 
tion of  zinc  scums,  i.  540,  541*,  546 
Fahlore,  localities  of,  i.  15,  467  ;  objects 


in  roasting,  i.  25  ;  mercurial,  ii.  259  ; 
stall-calcination  of,  ii.  264 

Faraday, on  solubility  of  goM  in  potassium 
cyanide,  i.  829 

Feather-ore,  ii.  437 

Fenwick,  on  extraction  of  tin  by  electro- 
lysis, ii.  427 

Ferraris  furnace,  for  burning  calamine, 
ii.  26,  29* 

Ferric  chloride,  action  on  cupric  oxide, 

i.  9  ;  action  on  cuprous  sulphide,  i. 

11  ;    for    formation    of    chloride   of 

copper,  i.  217-220 

oxide,  reduction  of  in  zinc  distillation, 

ii.  86 
sulphate,  action  on  cupric  oxide,  i.  9  ; 
action  on  cuprous  sulphide,  i.  10,  11  ; 
reduction  of,  in  extraction  of  copper 
ores  by  German  process,  i.  19  ; 
reduction  of,  in  extraction  of  copper 
bj-  English  process,  i.  20  ;  a  solvent 
for  copper,  i.  205 ;  formation  of 
copper  sulphate  bj-  aid  of,  i.  215, 
216 

Ferro  nickel,  ii.  506,  507 

Ferrous  chloride,  action  on  cupric  oxide, 
i.  9  ;  action  with  hydrochloric  acid 
on  cuprous  sulphide,  i.  11  ;  lixivia- 
tion  of  copper  in  solutions  containing, 
i.  201-204 
sulphate  action  on  cupric  oxide,  i.  9  ; 
action  on  cuprous  sulphide,  i.  10 ; 
reduction  of,  in  extraction  of  copper 
ores,  i.  19  ;  reduction  of,  in  extrac- 
tion of  copper  bj-  English  process,  i. 
20  ;  a  solvent  for  copper,  i.  205 
sulphide  action  on  cuprous  oxide, 
i.  7  ;  action  on  cupric  oxide,  i.  8  ; 
action  on  silicates  of  copper,  i.  9 ; 
action  on  cuprous  sulphide,  i.  10  ; 
reduction  of  in  extraction  of  copper 
ores  l)y  German  process,  i,  19  ;  re- 
duction by  English  process,  i.  20; 
reduction  of,  in  zinc  distillation,  ii. 
86 

Fiedler     condenser,     used     with     Exeli 
furnaces,  ii.  282,  284* 

Fiedler-Randol     condensers     used    with 
Exeli  furnaces,  ii.  283 

Fine  metal,  -see  Wliite  metal 

Firmenich,  on  manufacture  of  artificial 
cinnabar,  ii.  344 

Fischer,     F.,     on     Smith's     electroljrtic 
method  of  tin  extraction,  ii.  427 

Fizeau,  on  expansion  of  nickel,  ii.  496 

Flach,  on   smelting  rich  zinc-scum  with 
ferruginous  slags,  i.  549 

Flapping,  in  scorification  of  lake  copper, 
i.  196 

Flechner,    his   farnace    for  roasting  ar- 
senical ores,  ii.  559,  560*,  564-566 

Fleck,  on  manufacture  of  artificial  cinna- 
bar, ii.  344 

Fleitniann,    his    nickel    manufactory  at 
Iserlohn,   ii.  496  ;  on  absorption  bj' 
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nickel    of    cyanogen,    ii.     498  ;     on 
nickel  refining,  ii.  593-595 

Flintshire  furnace  for  lead  extraction, 
i.  297 

Fluor  Spai',  reduction  of  in  smelting  lead 
ores,  i.  344 

Foam,  see  Skiunnas 

Fohr,  on  refining  of  hlicksilber,  i.  596  ; 
on  extraction  of  gold  by  bromine, 
i.  827 

Fohster,  electrolj'tical  method  of  copper 
extraction,  i.  268,  269 

Fondon,  used  in  Cazo  process  of  silver 
extraction,  i.  619* 

Fonscoa,  on  the  Krohnke  process,  i.  624 

Fontenay,  on  nickel-refining,  ii.  595 

Forehearths,  furnaces  with  independent, 
see  iSpurofen  ;  furnaces  with  fixed, 
■see  Sumpfofen ;  furnaces  without, 
xee  Tiegelofen  ;  for  lead-refining,  i. 
433 

Fortschaufelungsofen,  i.  68,  116;  used  at 
Friedrichshiitte,  i.  303  ;  for  roasting 
lead  ores,  i.  330-332*,  383*,  387;  for 
burning  calamine,  ii.  25-28*  ;  for 
calcining  zinc  blende,  ii.  43-45*  ; 
for  antimony  extraction,  ii.  448 

FouUon,  on  cr3'stallisation  of  tin,  ii.  Sliii 

Fournet,  on  reactions  of  lead  sulphide,  i. 
278 

Fraatz,  on  composition  of  refined  Harz 
lead,  i.  442 

Francisci's  fixrnace,  for  zinc  distillation, 
ii.  195* 

Francke-Tina  process,  i.  700-702 

Franklinite,  localities  of,  ii.  15  ;  zinc 
white  produced  from,  ii.  226 

Franz,  on  thermal  conductivity  of  silver, 
i.  456  ;  of  gold,  i.  753 ;   of  zinc,  ii.  2 

Franz  furnaces,  ii.  273 

Fraser  and  Chalmers,  of  Chicago,  builders 
of  O'Harra-Brown-Allen  furnaces,  i. 
73  ;  Brown-Horseshoe  furnace,  i.  76  ; 
Briickner  furnace,  i.  80 ;  Chilian 
mill,  i.  622  ;  their  arrastras,  i.  630*  ; 
their  stamp  mills,  i.  781-783* 

Frederick  works,  the,  Silesia,  extraction 

of  zinc  by  electrolysis  at,  221,  222 
Freehold       United       Mine,       Victoria, 
MacArthur-Forrest    gold-  extraction 
process   at,    i.    840 
Freiberg  lead  furnace,  see  Pilz  furnaces  ; 
kilns,   for  calcining  zinc  blende,  ii. 
40  ;  stall,  copper  roasting,  see  Well- 
ner's  Stall 
Freieslebenite,  i.  467 
French  process,  of  lead  extraction  by  air- 
reduction,  i.  290,  308-310 
Fresenius,  on  production  and  refining  of 
"  rohglas,"  ii.  492  71,  493  h;  on  com- 
position of  nickel-copper  matte,   ii. 
540 
Freshening  of  litharge,  i.  423  ;  of  argen- 
tiferous copper,  i.  497,  498 
Friedrichshiitte  furnace,  the,  i.  304*,  305 


Frischen,  see  Freshening 

Frue    Vanners,    for   gold    amalgamation 

mills,  i.  774,  775*,  782,   784*,  785*, 

788,  789,  797 
Fiizesd  Dreifaltigkeit  xMine,  the,  Boicza, 

Laszlo  amalgamators  at,  i.  793 
Furnaces,    see   under   the    names   of  tin 

various  kinds 
Furnace  Calamine,  see  Calamine 
Fusion,  in  copper  refining,  i.  188 


G 


Gaar-heerd,  refining  of  copper  in  the,  i. 

171,  172*,  175 
Gaar-kupfer,  or  dry  copper,  i.  170  ;  pro- 
duction of,  i.  171,  172 
Gaarmachen,  or  refining,  i.  170 
Galena,  composition   and  localities  of,  i. 
281,  282 
extraction   of   lead   from,   i.  284-404  ; 
various   smelting   processes,   i.   284— 
286 
air-reduction    processes,    i.    286-319  ; 
in    reverberatory   furnaces,    i.    288- 
290  ;  the  Carinthian  process,  i.  290- 
296;    the    English    process,   i.    296- 
303  ;  the  Tarnowitz  process,  i.  303- 
306  ;    Bleiberg  process,  i.    306-308  ; 
French,  or  Brittany  process,  i.  308- 
310 ;    smelting   in   hearths,    i.    310- 
319 
roasting    and    carbon    reduction   pro- 
cesses, i.  319-394  ;   reduction  of,  in 
calcination   of   zinc   blende,    ii.    35 ; 
antimony  in,  ii.  437 

Gandolfi,  on  the  Bustamente  furnace,  ii. 
268  « 

Gard,  on  separation  of  carbon  from 
nickel,  ii.  498  ;  on  effect  of  silicon 
on  nickel,  ii.  498 

Garnier,  discoverer  of  garnierite,  ii.  508, 
509  ;  his  process  of  nickel-refining, 
ii.  592,  595 

Garnierite,  solubility  of,  ii.  506,  508 ; 
extraction  of  nickel  from,  ii.  554  et 
•veg. 

Garret,  on  composition  of  refined  anti- 
mony from  California,  ii.  467 

Gate's  rock  crushers,  i.  787  n 

Gauthier's  shaking  table,  i.  781 

Gautier-Bouchard,  on  manufacture  of 
artificial  cinnabar,  ii.  344 

Gay  Lussac  tower,  of  English  pyrites 
burners,  i.  48 

Geber,  on  cementation,  i.  846 

Gefiissofen,  .see  Muffle  furnaces 

Gellert,  on  the  Barrel  amalgamation  pro- 
cess, i.  690 

Gelstharp,  on  precipitation  of  copper  by 
sulphuretted  hj'drogen,  i.  209  ;  on 
production  of  chloride  of  copper  in 
dry  way,  and  furnace  for,  i.  230, 
231*,  232* 
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Gentli,    on    extraction    of    nickel    from 

roasteil  matte,  ii.  585 
Geathite,  ii.  509 

George  works,  Dobschau,  Silesia,  com- 
position of  spelter  from,  ii.  182 ; 
extraction  of  nickel  from  arsenical 
ores  at,  ii.  559,  562,  566,  569;  ex- 
tracticm  of  nickel  from  speiss,  ii. 
586  ;  separation  of  nickel  and  cobalt 
at,  ii.  602 
George  and  May  gold  mines,  W.  Aus- 
tralia, direct  cj'anidation  at,  i.  839 
Georgi,    on  muffles  for  zinc-distillation, 

130m,  132  « 
German  furnace,  for  cupellation  of  argen- 
tiferous lead,  i.  568  tt  seq. 
German  gold  and  silver  parting   estab- 
lishment, gold  parting  by  electi'olysis 
at,  i.  875  ;  treatment  of  silver  scum 
for  bismuth,  ii.  364 
German    process    of    copper    extraction 
combined     with     concentration     of 
matte,  i.  120-125 
German    silver,    effect   of  iron,  sidphur 
and  other  impurities  in,  ii.  497,  498  ; 
composition  of,  ii.  506 
Germania   works,    Utah,    treatment    of 

lead  matte  at,  i.  383 
(iersdorffite  nickel  glance,  ii.  508 
Gerstenhofer  furnaces  for  copper  extrac- 
tion, used  at  Kedabeg,  for  pj^ritic 
copper  fines,  i.  52  ,  53*,  54*,  55 ;  for 
calcination  of  crushed  copper  mattes, 
i.  116;  for  calcination  of  coarse 
nickel,  i.  139 ;  for  calcination  pre- 
paratory to  electrolysis  of  ores,  i. 
251  ;  lead  ores  roasted  in,  at  Frei- 
berg, i.  329  ;  used  at  Freiberg  for 
loasting  lead  ores,  i.  387  ;  for  cal- 
cining zinc  blende,  ii.  39,  41,  42* 
Gibb,  on  precipitation  of  copper,  i.  206  ; 
on  production  of  chloride  of  copper  in 
drv  way,  i.  221  ;  furnace  for,  230, 
231*,  232*  ;  composition  of  ores 
treated,  i.  233,  235 ;  method  of  precipi- 
tation of  copper  from  chloride,  i.  245  ; 
(m  composition  of  cement  copper,  i. 
246  ;  on  Claudet's  process,  i.  739 
(ribbs-Gelstharpe    furnace,    for    burning 

calamine,  ii.  29,  51 
(iiesche,  V.,  zinc  works  of,  composition 

of  zinc  fume  at,  ii.  184 
Gilchrist,  on  treatment  of  copper  bottoms, 

i.l51,  152 
(iill,  on  precipitation   of  copper  by   sul- 
phuretted hydrogen,  i.  209 
(iillon,  proposal  for  improvement  in  zinc 

extraction,  ii    185  // 
Glasmachen,  in  the  production  of  white 

arsenic  glass,  ii.  488 
Glaser,  proposal  for  improvement  in  zinc 

extraction,  ii.  185>t 
(iliitte,  .see  Litharge 

(Jlobe  smelting  works,  Denver,  Colorado, 
O'Harra  furnace  for  roasting  lead  ore 


at,    i.   338  ;   American  lead  furnace 
at,  i.  352,  373-376*,  377*  ;  lies  fur- 
nace at,  i.  354 
(imehling,  on  patera  process,  i.  720?; 
(ioduUa    works,  Silesia,    composition   of 
flue  dust,  containing  cadmium  from 
zinc  calcination,  ii.  248 
Gold,  extraction  from  copper,  i.   16  ;  at 
Wallaroo,    i.    152,    153  ;    at    Argo, 
Colorado,  1.53  ;  in  copper  "  bottoms," 
i.   148  ;  contained  in  copper  ores  of 
Rammelsberg,  i.  156  ;  process  for  ex- 
tracting gold  from   copper,  i.  248  ; 
action     in     electrolj-sis     of     copper 
slimes,  i.  262 
in    lead    ores,    i.    288 ;    reduction    in 
smelting  lead  ores,  i.   343  ;    in  pro- 
ducts  of  blast    furnace   smelting  of 
lead,  i.  382  ;  alloy  of  silver,  i.  465 
phj'sical  jiroperties,  i.   752,   753 ;    che- 
mical properties,    i.    753-756 ;  ores, 
i.    756 ;    native    gold,   i.    756,    757  ; 
alluvial,    i.    757 ;    compounds   with 
tellurium,  i.  758  ;   auriferous  metal- 
lurgical products,  i.  758 
extraction    of   gold,    i.    758,    759 ;    by 
washing,    i.    760-763 ;    by   the    dry 
method,    i.   763,   764 ;   by  combined 
wet  and  dry  methods,  i.   764-841  ; 
in    the    form    of    a    gold     mercury- 
alloy,   i.    764 ;    amalgamation    with- 
out previous  crashing,   i.    765-771  ; 
amalgamation    during     crushing    of 
gold-bearing   material,    i.    771-789; 
amalgamation  of  previously  crushed 
gold-bearing    material,    i.  "^789-802 ; 
treatment  of  gold  amalgam,  i.  802  €( 
■■<eq.  ;  extraction  of  gold  b\'  means  of 
aqueous    solutions,     i.      803,     804 ; 
Plattner  process,  i.  804—806  ;  calcina- 
tion of  tiie  ores,  i.   806-810  ;  chlori- 
nation  of  the  gold,  i.  810,  819  ;  preci- 
pitation of  gold  from  chloride  solu- 
tion, i.  819-826  ;  extraction  by  means 
of  bromine,  i.  827 
treatment  of  telluride  gold  ores,  i.  827, 
828  ;  the  MacArthur-Forrest  process, 
i.    828-839 :    direct    c^'anidation,    i. 
839,  840  ;  extraction  by  formation  of 
alloys,  i.  841 
electrometallurgical  extraction  of  gold, 

i.  841,  842 
parting,  i.  842-876 

in  tlie  dry  way,  i.  842-850 ;  by 
sulphide  of  antimony,  or  by  Gn.ss 
II  11(1  F/k.ss,  i.  843,  844  ;  bj-  sulphtir 
and  litiiarge,  i.  844,  845  ;  by  sul- 
l)luir  alone,  i.  845,  846  ;  by  salt  <>r 
"cementation,"  i.  846,  847  ;  by 
chlorine  gas  or  tlie  Miller  process, 
i.  847-850 
in  the  wet  way,  i.  850-873  ;  b}^  nitric 
acid,  i.  851-853 ;  bj*  sulphuric  acid, 
or  refining,  i.  853  873. 
by  electrolysis,  i.  873-876 
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Gold — co)iliuii<'</ 

alloy  of  zinc  ami  j,'iilil,  ii.  lii  ;  alloys  of 
bisnuith  and,  ii.  ^i'>2  ;  in  crude  bi.s- 
nuitli,  ii.  '.W.)  'M'2;  occurrence  of 
arsenic  with,  ii.  470  ;  separation 
from  platinum,  ii.  624,  (i'if)  ;  effect 
of  aluminium  on,  ii.  627-633 

(iolilen  Reward  chlorination  works,  S. 
Dakota,  precipitation  of  gold  from 
chloride  solution,  i.  821 

Goldschmidt,  ii.,  on  treatment  of  mer- 
curial soot,  ii.  335 

Gore,  on  antimony  pentachloride,  ii.  434 

Gossan,  process  of  nickel  extraction,  ii. 
574 

Grabau,  on  aluminium  chloride,  ii.  630  ; 
his  process  of  aluminium  extraction, 
ii.  643  ;  on  electrolytic  extraction  of 
aluminium,  ii.  657 

Graham,  on  absorptiveness  of  gold,  i.  752 

Graham-Otto-Michaelis,  on  the  chemical 
reactions  of  silver  oxide,  i.  458 

Gramme  machines,  used  in  electi'olytical 
extraction  of  copper  from  its  alloys, 
i.  260  ;  efficiency  of,  i.  265,  266 

Grandfils,  see  Binon 

(liranite  mountain  mill,  the,  at  Philips- 
burg,  Pan-amalgamation  at,  i.  697* 

(iranulation  of  gold  alloy,  for  refining,  i. 
857,  858 

(rranzita  furnace,  the,  for  mercuiy  ex- 
traction, ii.  293,  294*-301 

Greenockite,  occurrence  and  localities  of, 
ii.  242,243 

Grillo  furnace,  for  zinc  calcination,  i.  85  ; 
ii.  63,  66* 

Grillo  zinc  work.s,  manufacture  of  sul- 
phur at,  ii.  83 

Grijbe-Liirmann  producers,  the,  used  in 
zinc  distillation  furnaces,  ii.  120 

Grobemachen,  in  the  production  of  white 
arsenic  glass,  ii.  488 

Grosser,  Dr.,  on  the  neutralisation  of 
sulphur  acids  from  calcination  of 
zinc  Ijlende,  ii.  55 

(iriitzner,  on  patio  process,  i.  637 

Griitzner  and  K()bler  furnace  for  zinc 
distillation,  ii.  101 

Gruner,  on  hand-pattinsonising,  i.  511  ; 
on  mechanical  -  pattinsonising,  i. 
514 

Gruson  Co.,  the,  of  Magdeburg-Bruckau, 
electro-metallurgical  method  of  cop- 
per extraction,  i.  252,  253*-255*,  256 ; 
Laszlo  amalgamators  manufactured 
at,  i.  792* 

(Uinther-Plattner  furnace,  for  extraction 
of  bismuth,  ii.  356* 

Giittler,  on  arsenic  at  Ribas,  ii.  476 

Guibal  fans,  for  cinnabar  calcining  fur- 
naces, ii.  277,  284,  285 

Guido  works,  Chropaczow,  Hasenclever 
furnaces  for  calcining  zinc  blende 
at,  ii.  69*  ;  sulphur  dioxide  formerly 
manufactured  at,  ii.  76 


Guss  und  Fluss,  gold-parting  by,  i.  843, 
844 

Gu.ss-raffinad,  i.  194,  197 

Gutensohn,  on  treatment  of  tin  cuttings,, 
ii.  422  ;  on  extraction  of  tin  by  elec- 
trolysis, ii.  425,  427 

Gutzkow,  on  gold-refining,  i.  860,  867 

Gypsum,  reduction  of  in  smelting  of  cal- 
cined copper  ores,  i.  88 


H 


Haas  furnace  for  calcining  zinc  blende,  ii. 
71,  72*,  73* 

Habet,  on  the  Bleiberg  process  of  lead 
extraction,  i.  306  n 

Hacienda  de  Rocha  Mine,  the,  at 
Guanaxuato,  i.  643 

Hacienda  Nueva  Mine,  Fresnillo,  patitv 
process  at,  i.  646 

Hacienda  Sauceda  Mine,  at  Zacatecas, 
patio  process  at,  i.  646 

Hiinisch,  >>ee  Schroder 

Hafod  Works,  see  Vivian's  Copper  Works 

Hahn,  on  composition  of  slag  from 
American  lead  smelting  works,  i. 
346  ;  on  tuyeres  of  American  lead 
smelting  furnaces,  i.  362  ;  on  solu- 
bility of  the  various  chlorides,  i. 
461  ;  on  Augustin  process,  i.  706  ;  on 
electrolytic  extraction  of  aluminium, 
ii.  653  ;  on  Cowles'  process  of  alu- 
minium extraction,  ii.  664  Ji 

Hair  pyrites,  see  Nickel  pyrites 

Hair  salt,  ii.  634 

Hall,  Charles,  on  electrolytic  extraction 
of  aluminium,  ii.  652 

Hall,  Joseph  B.,  his  electrolytical  method 
of  aluminium  extraction,  ii.  654 

Hallet  and  Fry,  Messrs.,  Lcmdon,  anti- 
mony reduction  by,  ii.  457 

Hall  Valley  furnace  for  roasting  lead 
ores,  i.'  334,  338 

Halsbriicke  Works,  Freiberg,  lead  smelt- 
ing at,  i.  386-389  ;  barrel  amalgama- 
tion at,  i.  689 

Hamburg  refinery,  electrolytical  method 
of  extraction  of  copper  from  its 
alloys,  i.  260 

Hammergaarmachen,  or  toughening,  i. 
170 

Hampe  on  specific  gravity  of  copper,  i. 
1  ;  absorptive  power  of  copper,  i.  2  ; 
on  impurities  in  copper,  i.  3-6  ;  on 
action  of  hydrogen,  and  oxides  of 
carbon,  on  cuprous  sulphide,  i.  11  ; 
on  solubility  of  copper  in  copper  sul- 
phide, i.  149  ;  on  refining  of  coarse 
copper,  i.  173  ;  on  tough-poling,  i. 
191,  192  ;  on  effect  of  copper  on  lead, 
i.  276  ;  on  composition  of  work-lead 
at  Clausthal  and  Lautenthal,  i.  403  ; 
on  composition  of  lead  matte,  i.  403  ; 
on  desilverisation    of    lead  by  zinc, 
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i.  434 ;  on  composition  of  lead  from 
Haiv,  before  refiniiif^,  i.  43."),  440;  on 
refining  blir-ksilber  by  Roessler's  pro- 
cess, i.  743  ;  on  Ziervogel  process, 
i.  742 ;  Fiis  method  of  purification 
of  bismuth,  ii.  373 ;  on  electrolytic 
extraction  of  aluminium,  ii.  636,  655 
Hanau  Works,  the,  Utah,  water-jacket 

furnaces  at,  i.  358 
Hansamann,  on  manufacture  of  artificial 

cinnabar,  ii.  344 
Hardhead,  composition  of,  at  Altenberg, 

ii.  408  ;  smelting  of,  ii.  413,  418 
Hard-lead,    a    lead   antimony   allo^-,    ii. 

436 
Hard  metal,  formation  of,  i.  148 
Hargraves,  his  method  of  antimony  ex- 
traction, ii.  467 
Harmet's  fui'nace,  for  extraction  of  zinc 

oxide,  ii.  190* 
Hartig,   on  treatment  of  zinc  fume,  ii. 

187 
Harvey's  method  of  manufacturing  ferro- 

nickel,  ii.  507 
Hatchett,  on  effect  of  antimony  on  gold, 

i.  753 
Hasenclever  muffle  furnace,  for  copper 
calcining,  i.  83,  84*,  85,  116;  for 
sulphuric  acid  manufacture,  i.  129  ; 
used  for  calcination  of  copper  coarse 
metal,  i.  139 ;  used  for  smelting 
Rammelsberg  copper  ores,  i.  156 ; 
lead  ores  roasted  in,  at  Oker,  i.  329  ; 
for  calcining  zinc  blende,  ii.  34  ;  on 
neutralisation  of  sidphixr  acids  from 
calcination  of  zinc  blende,  ii.  59  ;  for 
calcination  of  zinc  blende,  ii.  67,  68* 
Hasenclever-Helbig  furnaces,  for  copper 
extraction,  disposition  of  the  ores,  i. 
52,  56*,  57*  ;  for  calcining  zinc 
blende,  ii.  59,  60*,  61* 
Hauch,  on  Hunt-Douglas  process,  i.  204  ; 

on  the  patera  process,  i.  718 
Hauei'    on     effect    of    cadmium    on    soft 
solder,    ii.    241  n ;  on    extraction   of 
nickel  from  slags,  ii.  587 
Haupt,    on    production    of    chloride    of 
copper  in  dry  way,  i.  220  ;  regenera- 
tors  for   Siemens   gas   furnaces,    ii. 
160 
Haute-Feuille,  on  chemical  reactions  of 

silver  oxide,  i.  458 
Hauzeur   double  furnace,  the,  for  zinc- 
distillation,  ii.  119*,  120 
Hawel's  nozzle,  ii.  141* 
Hayden,  electrolytical  method  of  copper 

extraction,  i.  269,  271,  272 
Heap-matte,  treatment  of,  for  copper,  in 

America,  i.  33 
Hearths   for   retining   nickel    matte,    ii. 

539  ef  seq. 
Heap-roasting   of   lump   copper   ores,   i. 
26-38  ;   of  fines,  i.   37,  38  ;    removal 
of    bitumen    by,    i.    38  ;  of    copper 
matte,     i.     112;     dead-roasting     in 


heaps,  i.  113,  114  ;  of  copper  pj'rites, 
for  sulphate,  i.  213  ;  of  lead  ores, 
i.  324,  326*,  328;  of  lead  matte,  i. 
405;  of  calamine,  ii.  21,  22;  of 
zinc  blende,  ii,  39 ;  of  nickeli- 
ferous  ores,  ii.  516,  519  ;  for  refining 
coarse  matte,  ii.  531  ;  of  arsenical 
ores,  ii.  559,  see  Kernel  roast- 
ing; see  "V"  method;  normal, 
of  copper  ores,  i.  26,  29-34 ;  con- 
stmction  of  heap,  i.  29  31*,  32; 
arrangement  for  sulphur  getting, 
i.  32*,  33  ;  degrees  of  calcinatitm,  i. 
33  ;  consumption  of  fuel,  i.  34 

Hearths,  air  reduction  process  for  lead- 
extraotion  in,  i.  310-319 

Hebetine,  see  Willemite 

Hecht,  on  clay  for  vessels  for  zinc  dis- 
tillation, li.  91 

Hegeler  and  Matthiesen  Zinc  Works, 
the,  Haas  furnaces  at,  ii.  73  ;  gas- 
fired  zinc-distillation  furnaces  at,  ii. 
121,  122*,  123*,  129 

Heine,  on  dead-roasting  of  copper  matte 
in  stalls,  i.  115 

Helbig  copper  furnace,  see  Hasenclever 

Hebnhacker,  on  reduction  of  antimony 
in  reverberatory  furnaces,  ii.  451, 
460  ;  on  refining  of  antimony  in  re- 
verberatory furnaces,  ii.  463,  465 

Hemiinorphite,  localities  of,  ii.  14-15 

Hempel,  on  condensation  of  zinc  vapour, 
ii.  2  ;  on  the  chemical  reactions  of 
zinc  oxide,  ii.  6  ;  on  condensing  zinc 
vapours,  ii.  185  ef  secj. 

Henderson,  on  production  of  chloride  of 
copper  in  dry  way,  i.  220 

Hendrie's  translation  of  Theophihis,  i. 
845  n 

Hendy's  Challenge  ore  feeder,  i.  779,  788 

Henrich  furnaces,  i.  92,  105,  106*,  168. 
169 

Herivus,  on  spitting  of  platinum,  ii.  614  ; 
on  extraction  of  platinum,  ii.  622  ; 
analysis  of  platinum  from  works  of, 
ii.  625 

Herapath,  his  method  for  purification 
of  bismuth,  ii.  372 

Herbertz  furnace,  i.  349,  350*,  351 

Hering,  on  extraction  of  antimony,  ii. 
444,  447 ;  his  volatilising-roasting, 
ii.  449,  454 ;  on  the  precipitation 
method  of  antimony  j-eduction,  ii. 
457,  460 ;  on  the  refining  of  anti- 
mony, ii.  463  ;  his  wet  method  of 
antimoii}'  extraction,  ii.  467 

Hermann,    his    metliod    of    nickel     ex- 
traction, ii.  576 
Herrmann,  on  electrolysis  of  zinc  ores,  ii. 

212,  219 
Hcroult,  process  of  aluminium  extraction, 

ii.  6.35,  647,  664 
Herrenschmidt,  on  extraction  of  cobalt, 
ii.  603  ;  metlu)d  of  nickel  extraction, 
ii.  578 
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Herresliof  furnaces,  i.  92,  93  ;  improved 
water-jacket  furnace,  i.  92  ;  fore- 
liearths  of,  i.  94,  1U7,  10S-\  109^^; 
nseil  at  Nicliolson  Works,  IJiooklyii, 
i.  107,  lOS",  lt)9"  :  for  snicltinj,' 
nickel  ores,  ii.  ,528,  .")2<S 

Herring,  on  neutralisation  of  sulpluu- 
acids  from  calcination  of  zinc  blende, 
ii.  59 

Herter,  on  extraction  of  nickel  from 
slags,  ii.  587 

Hess,  on  extraction  of  platiiuuu,  ii.  (528 

Hesse,  on  tougli-))oling,  i.  191 

Hessian  cruciljles  for  gold  parting,  i.  S-t8, 
852  ;  extraction  of  l)isnnitli  liy  fusion 
of  ores  in,  ii.  857 

Hessite,  i.  467 

Heiimann,  on  chemical  reactions  of  sul- 
phide of  mercury,  ii.  253 

Hej'cock,  on  melting  point  of  silver,  i. 
45G II 

High  furnaces,  for  smelting  calcined 
copper  ores,  i.  98 

Hilarion  Roux  and  Co.,  Marseilles, 
electrolytical  method  of  copper  ex- 
traction, i.  260 

Hilgenberg,  on  composition  of  Harz  lead 
after  treatment  l)y  Pattinson's  pro- 
cess, i.  425 

Himly,on  composition  of  refined  antimony 
at  Wilhelinshaven  docks,  ii.  467 

Hintzerling,  on  electrolysis  of  zinc,  ii. 
215 

Hirsch,  Aaron,  liis  works  at  Ilsenberg, 
extraction  of  zinc  by  electrolysis  at, 
ii.  221 

Hirzel,  on  composition  of  refined  antimony 
from  Hungary,  ii.  467 

Hocking's  furnace,  for  i-oasting  lead  ores, 
i.  839 

Hocking-Oxland  copper  furnace,  i.  81, 
82's  83 

Hopfner,on  electro-metallurgical  methods 
of  copper  extraction,  i.  16,  248,  249, 
256,  257  ;  on  electrolysis  of  zinc,  ii. 
202,  217,  219  ;  on  extraction  of 
nickel  by  electrolysis,  ii.  591 

Hoffmann,  analysis  of  British  Columbian 
crude  platinum,  ii.  617 

Hofman,  on  reduction  of  magnesia  in 
smelting  lead  ores,  i.  343  n  ;  on  water 
jacket  furnaces  for  lead  smelting,  i. 
36i)  n ;  on  casting  of  refined  lead,  i. 
453  H,  454  »,  455  w  ;  on  zinc  desilver- 
ising  process,  i.  530  ;  on  licpiation  of 
zinc  scvims,  i.  535  ;  on  distillation  of 
zinc  scums,  i.  542  ;  on  American  fur- 
nace for  cupellation  of  argentiferous 
lead,  i.  588  a  ;  on  stamp  mill  amal- 
gamation, i.  786 

Hofmann,  on  patera  process,  i.  719 

Holibaugh  on  the  Bartlett  process,  ii. 
236  >i 

HoUunder,  on  Carinthian  furnaces  for 
zinc  distillation,  ii.  100  n 


Homcstake  Mill,  Dakota,  stani])  mills  at, 
i.  786 

Horn  mercury,  se«  Calomel 

Horn  ])an,  for  Washoe  process,  i.  657, 
658'',  672 

IHote,  on  action  of  sulphuric  acid  with 
pure  zinc,  ii.  5  ;  on  refining  zinc,  ii. 
181 

Howard,  W.  A.,  his  amalgamator,  i.  802 

Howell  furnace  for  silver  extraction,  i. 
81  ;  for  roasting  lead  ores,  i.  339  ; 
for  cliloridising  roasting  silver  ores, 
i.  684*,  698 

Hiittner  and  Scott  furnaces  for  mercury 
extraction,  ii.  293  ef  neq. 

Hugo  Works,  the,  Silesia,  Mielchen's 
nozzles  for  adapters  used  at,  ii.  141, 
142^' 

Hungarian  furnace,  for  copper  refining, 
i.  176-',  177*,  178  ;  used  in  Augustin 
process,  i.  715*,  716*  ;  for  smelting 
nickel  ores,  ii.  564*,  566 

Hungarian  Mills,  gold  amalgamation  in, 
i.  790-795 

Hunt,  Sterry,  method  of  copper  extrac- 
tion, i.  202-204 

Hunt  and  Douglas  process  of  copper 
extraction,  i.  202-204,  207 

Hunter,  of  Philadelphia,  on  treatment  of 
tin  cuttings,  ii.  428 

Huntington,  on  patio  process,  i.  687 

Huntington  Mill  for  gold  amalgamation, 
i.  773*,  774,  775 

Hutchins,  on  solidification  of  mercurv, 
ii.  250 

Hydraulic  mining  in  California,  i.  765 

Hydrocarbons,  absorbed  by  molten 
copper,  i.  2 ;  action  on  cuprous 
oxide,  i.  7  ;  action  on  cupric  oxide, 
i,  8 

Hydrochloric  acid,  a  solvent  for  copper, 
i.  7  ;  action  on  cuprous  oxide,  i.  8  ; 
action  witli  ferrous  chloride  on 
cuprous  sulphide,  i.  11  ;  solvent  for 
cuprous  chloride,  i,  12 ;  used  for 
lixiviation  of  copper,  i.  207 ;  action 
on  lead,  i.  276  ;  on  silver,  i.  457  ; 
on  silver  sulphide,  i.  460  ;  on  gold, 
i.  753  ;  on  zinc,  ii.  5  ;  on  mercurj', 
ii.  251  ;  on  bismuth,  ii.  848  ;  used  in 
extraction  of  bismuth,  ii.  363 ; 
action  on  tin,  ii.  376  ;  used  in  purifi- 
cation of  tinstone,  ii.  382,  390 ; 
action  on  antimony,  ii.  431  ;  on 
nickel,  ii.  499 ;  used  in  extraction 
of  nickel,  ii.  582  ;  action  on  arsenic, 
ii.  472  ;  on  cobalt,  ii.  597  ;  on  alu- 
minium, ii.  628 

Hydrogen,  absorbed  by  molten  copper,  i. 
2,  5,  6  ;  action  on  cuprous  oxide,  i. 
7  ;  on  cupric  oxide,  i.  8  ;  on  cuprous 
sulphide,  i.  11  ;  on  silver  sulphide, 
i.  458  ;  on  zinc  oxide,  ii.  7  ;  on  zinc 
sulphide,  ii.  10 

Hydrozincite,  localities  of,  ii.  15 

•7      7      •> 
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Iilalio  Mill,  California,  aiualgaiiiation  of 
gold  in  pans,  i.  79.")  :  with  amalga- 
mated j)late.s,  i.  797  :  Atwood's  amal- 
gamators at,  i.  799 

Idrialine,  ii.  •2.m 

Idrialite,  ii.  2o5 

Idrian  furnaces,  for  calcination  of  cin- 
nabar, ii.  273-276 

Idrian-Hahner  furnaces,  ii.  315* 

lies,  on  composition  of  slag  from 
American  lead  smelting  Avorks,  i, 
346  ;  his  furnace  at  Denver,  i.  354 

Illing,  on  zinc  desilverising  process,  i. 
529 

Illinois  Zinc  Co.,  the,  at  Peru,  Siemen"s 
gas-tired  zinc  distillation  furnaces 
used  by,  ii.  123,  124" 

Indigo  copper,  see  Covellite 

Inquartation,  or  gold-jjarting  by  nitric 
acid,  i.  851-853 

Iodine,  action  on  bismuth,  ii.  348 

lodite,  localities  of,  i.  468 

Iridium,  effect  on  gold,  i.  753  :  occur- 
rence of,  ii.  616 

Iron,  action  on  copper,  i.  3  ;  on  silicates 
of  copper,  i.  9  ;  on  cuprous  sulphide, 
i.  11  ;  on  cupric  sulphate,  i.  12;  on 
cuprous  chloride,  i.  12 ;  on  cupric 
chloride,  i.  12,  13  ;  reduction  in  Bes- 
semer process  of  copper  smelting,  i. 
21  ;  treatment  of  copper  ores  rich  in, 
i.  24,  26,  29 ;  process  of  slagging  off 
in  smelting  calcined  copper  ores,  i. 
86-91 ;  smelting  of  cupriferous  pyrites 
in  United  States,  i.  91  ;  furnaces 
adapted  for  smelting  copper  ore.s 
with,  i.  93 ;  precipitation  of  cop- 
per by,  i.  205,  206 ;  formation  of 
copper  sulphate  bj'  heating  p^-rites 
with  nitrate  of  iron,  i.  215  :  used  in 
]jreci])itation  of  copper  from  its  solu- 
tions, i.  241  ef  -seq.  ;  action  in  elec- 
trolysis of  copper  slimes,  i.  262, 
263  ;  reactions  with  lead  sulphide,  i. 
279 ;  reduction  in  smelting  of  lead 
ores,  i.  341,  345  ;  in  products  of 
blast-furnace-smelting  of  lead,  i. 
381  ;  in  various  lead  ores,  i.  386  ef 
■seq.  ;  action  of  in  iron-reduction 
process  of  lead  extraction,  i.  394  tt 
■■<rq.  ;  elimination  of  in  refining  of 
lead,  i  432  et  xeq.  ;  action  on  silver 
sulphide,  459  ;  reduction  of  in  gold- 
refining,  i.  855 ;  present  in  com- 
mercial zinc,  ii.  3  ;  action  with  zinc 
oxide,  ii.  8  ;  action  with  zinc  sul- 
phide, ii.  Ht  ;  present  in  zinc  l)lenilc, 
ii.  13  ;  extraction  of  mercury  by 
heating  with  cinnabar,  ii.  323-329  : 
effect  on  tin,  ii.  375  ;  separation 
from  tin,  ii.  303  ;  alloys  of  tin  and, 
ii.  407  ;  effect  on  nickel,  ii.  497, 
498,  500-503  ;  alloys  of  nickel  and. 


ii.  506,  507  ;  extraction  of  nickel 
from  ores  containing,  ii.  511  et  seq.  ; 
removal  from  nickel  matte,  ii.  530  : 
I'emoval  fi-om  copper  matte,  ii.  544  : 
effect  on  aluminium,  ii.  627,  631 

arsenide  of,  ii.  476 

nitrate  of,  action  on  cuprous  sulphide, 
i.  10 

oxides  of,  reduction  of  in  extraction  of 
copper  ores  by  German  process,  i. 
18,  19  ;  reduction  of  in  English 
process,  i.  20 ;  smelting  of  copper 
ores  containing,  i.  90 

pyrites,  action  on  cuprous  sulphide,  i. 
'lO 

(For  compounds  of  Iron,  see  under 
Ferric  ;  Ferrous) 
Iron-reduction  process  for  lead  extrac- 
tion, i.  394  412  ;  in  the  Upper  Harz. 
i.  397  404 ;  smelting  lead  matte,  i. 
404—409  ;  combined  with  the  roasting 
and  carbon  reduction  process,  i.  409- 
412  ;  combined  with  smelting  of  oxi- 
dised ores,  i.  412,  413 
Isabella  Works,  Uillenburg.  stall-roast- 
ing of  nickeliferons  ores  at,  ii.  518, 
520  ;  roasting  in  shaft  furnaces,  ii. 
520  ;  smelting  nickel  ores,  ii.  525  ef 
seq.  ;  refining  matte  at,  ii.  539  ef 
seq.,  582 


Jacquelain,  on  uiipurities  in  commercial 
zinc,  ii.  4 

Jaczinsky,  his  furnace  for  calcination  of 
cinnabar  wich  lime  or  iron,  ii.  328*, 
329* 

James,  S. ,  Jr. ,  on  copper  slag  produced  in 
Henrich  furnace  at  Clifton,  Arizona, 
i.  169 

Jamesonite,  i.  283  ;  ii.  437 

Janda,  on  composition  of  merciu'ial  soot 
at  Idria,  ii.  33(i»,  334 «  ;  on  acid 
water  from  the  condensers,  ii.  336  ; 
on  composition  of  Idrian  ores,  ii.  337 

Janin,  on  the  MacArthur-Forrest  gold- 
extraction  process,  i.  828  «,  829 

Jay  Gould  Mill,  ^Montana,  Boss  system 
of  pan  amalgamation  at  the,  i.  796 

Jenkins  and  Smith,  on  cliemical  re- 
actions of  lead  sulphide,  i.  278  n 

Jensch,  on  sulphur  in  zinc  blende,  ii.  34 

Johnson,  on  thermal  conductivity  of 
silver,  i.  456  ;  of  golil,  i.  752  ;  on  the 
expansion  of  zItic  by  heating,  ii.  2  ; 
on  thermal  conductivitj-  of  zinc,  ii. 
2  ;  of  mercury,  ii.  250 

Jolni-son,  Matthey  and  Co.,  Hatton 
Ganlen,  London,  inquartation  prac- 
tised l)j',  i.  851  ;  Australian  l)isnuitli 
ores  treated  by,  ii.  353  ;  extraction 
of  arsenic  from  bismuth  by,  ii.  370  : 
antimonv     redaction     b\',     ii-     457  : 
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aiialvsis    of    rctiiicil    platiiiuui    tVoin, 
ii.  (}•}.") 
-Toi'daii,   OH   (reatiHeiit   of  lilicUsillur   fof 

gold,  i.  M-i  H. 
-Jossa   and    Kiunakull'    (jii    llie    (lavrilov 

works  at  Tomsk,  i.  484 
Juhel,  designer  of  the  Maletra  furnace, 

i.  58 
Julius     works,     Astfeld,      see      Herzog 
Juliusluitte    (in     the    ( Jeographical 
index) 
..hunl>o    hearth,    used    in    air    reduction 
pi'ocess    of    lead  extraction,   i.    311, 
lil.-),  816^,  318 
•Tunge,  on  efiect  of  bisinuth  on  lead,  i. 
276,  431  ;  on  zinc  desilverising  pro- 
cess, i.  529 
Jungk,    on    separation    of    carbon    from 

nickel,  ii.  498 
•Turisch.   his   improve<l  Malitra  furnace, 
i.  ()1,  (52',  03* 


K 


Kamienski,  method  of  nickel  extraction, 
ii.  577 

Karargahake  Works,  New  Zealand, 
MacArthur-Forrest  gold  extraction 
process  at,  i.  840 

Kannarsch,  on  the  tenacity  of  cast  zinc, 
ii.  1 

Karsten,  on  effect  of  carbon  on  copper, 
i.  5  ;  on  action  of  lead  with  cupric 
oxide,  i.  8 ;  on  over-poled  copper, 
i.  192  ;  on  leading  silver  matte,  i. 
487  ;  on  copper-dissolving  and  smelt- 
ing process,  i.  495  ;  on  patio  process, 
i.  637  ;  on  specific  gravity  of  zinc, 
ii.  1  ;  on  the  impurities  in  zinc,  ii. 
2-4  ;  on  the  precipitation  method  of 
antimony  reduction,  ii.  457 

Keil,  his  furnace  for  zinc  distillation, 
ii.  101  ;  proposal  for  impro\ement 
in  zinc  extraction,  ii.  185  « 

Keith,  on  lead  refining,  i.  433  ;  on 
electro-metallurgical  methods  of 
silver  extraction,  i.  750  ;  on  extrac- 
tion of  tin  by  electrolysis,  ii.  425,  426 

Keller,  Gay  lord  and  Cole,  Messrs.,  copper 
works  at  Butte,  Montana,  i.  63 

Kerargyrite,  see  Horn  Silver 

Kerl,  on  pyrites  burners  for  calcining 
zinc  blende,  ii.  40  ;  on  calcination 
of  cinnabar  with  lime  or  iron  with- 
out air,  ii.  324  n. ;  on  li(]uati<jn  pots 
for  antimony  reduction,  ii.  441*  ii  ;  on 
•extraction  of  arsenic  at  Reichenstein, 
ii.  479  n ;  on  production  of  white 
.arsenic  glass, ii.  490  h  ;  on  composition 
of  nickel  mattes,  ii.  526  «  ;  on  smelt- 
ing roasted  matte,  ii.  535  a  ;  on  pro- 
duction of  crude  nickel,  ii.  552,  569 

Kern,  analysis  of  Nischni-Tagilsk  crude 
platinum,  ii.  617 


Kernel   roasting  of   copj)er  ores,   i.    28, 
34,   35*-37*  ;  objects  of,  i.    34,   35  ; 
localities    practised    in.    i.    36;    ar- 
rangement of  heap,  i.  37*  :  ))roducts, 
i.  37 
Kiliani,    on    electrolytical    methods    of 
copper   extraction,  i.  261,   264;    on 
electrolysis  of  zinc,  ii.  199,  200,  201  ; 
from  alkaline  solutions,  ii.  217  ;  on 
electrolytic  extraction  of  aluminium, 
ii.  652 
Kilns,  difference  between  pyrites  l)urners 
and,   i.   45 ;  objects  of,   i.   49  ;    con- 
struction   of,    at    Freiberg,    i.    50*, 
51*  ;    at  Oker,   51*,   52  ;  for  roast- 
ing   lead    ores,    i.     328,    329;    for 
heating  zinc  distillation  retorts,  ii. 
109,  110* 
Kingzett,    on    precipitation    of    copper, 
i.  206 

KirchhofF,  on  manufacture  of  artificial 
cinnabar,  ii.  344 

Kiss,  on  precipitation  of  gold  from 
chloride  solution,  i.  826 

Kiss  process,  the,  of  silver  precipitation, 
i.  732,  733 

Kittler,  on  extraction  of  zinc  by  electro- 
lysis, ii.  219 

Kjellin,  see  Cassel 

Kleemann,  proposal  for  improvement  in 
zinc  extraction,  ii.  185  u 

Kleemann's  adapter's,  ii.  134,  135*  ;  zinc 
fume  from,  ii.  184 ;  cadmium  ex- 
tracted from  flue-dust  caught  by,  ii. 
244,  245 

Kleiner-Fiertz,  method  of  electrolytic 
extraction  of  aluminium,  ii.  655 

Knab,  on  smelting  of  oxidised  and  acid 
copper  ores  at  Chessy,  i.  167 ;  on 
calcination  of  copper  pyrites  for  sul- 
phate, i.  212,  213  M  ;  on  precipitation 
of  copper,  i.  241  ii ;  on  specific  gravity 
of  lead,  i.  275  ;  on  materials  for 
manufacture  of  zinc-distillation  re- 
torts, ii.  106  ;  on  the  reduction  of 
antimony  in  reverberatory  furnaces, 
ii.  453 II  ;  pot  furnaces,  ii.  456  ;  on 
extraction  of  nickel  from  roasted 
matte,  ii.  585 

Knapp,  experiments  on  action  of  silica 
with  cupric  oxide,  i.  8  ;  on  action  of 
Avater-vapour  on  cuprous  sulphide, 
i.  11 

Kniest,  i.  121 

Knorre,  on  composition  of  nickel  smelted 
at  Altena,  ii.  594 

Knottenerz,  smelted  at  Mechernich,  i. 
390 

Knox  furnace,  for  extraction  of  mercury-, 
ii.  289,  290*-293 
-pan,  for  Washoe  process,  i.  665  ,  used 
in  gold  amalgamation,  i.  795 

Knox-Osborne  condensers,  ii.  291,  305 

Knut  Styflfe,  on  melting  point  of  nickel, 
ii.     497  ;     on    nickel     smelting     at 
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Sudbury,  ii.  529  n  ;  on  production 
of  crude  nickel,  ii.  o52 

Koehler,  iiis  furnace  with  movalile  work- 
ing clianibers  for  calcination  of  zinc 
blende,  ii.  74  (sf-e  (iriitzner) 

Koepp  and  Co.,  jnethod  of  antimony 
extraction,  ii.  468,  469 

KollmaiHi,  on  tensile  strength  of  nickel, 
ii.  496 

Kopp,  on  specific  gravitj"  of  mercury, 
ii.  250  (ste  Reineck'en-Pdnsgen  &) 

Korting's  injector,  used  in  Hunt-Douglas 
process,  i.  203 

Kosmann,  on  neutralisation  of  sulphur 
acids  from  calcination  of  zinc  blende, 
ii.  55  ^^  57;  on  composition  of  zinc 
fumes  from  Lipine,'ii.  183??,  184?;;  on 
extraction  of  cadmium,  ii.  247,  248 

Kriitz-kupfer,  or  dross  copper,  i.  180 

Kremnitz  United  Caroli-  and  fStadt- 
Mines.  Huntington  gold-amalgama- 
tion mills  used  at,  i.  776 

Krohnke  process  of  silver  extraction, 
i.  620-625 

Kinimmofen,  i.  96,  351.  364 

Kiinzel,  C. ,  on  impurities  in  commercial 
zinc,  ii.  4 ;  on  treatment  of  tin- 
cuttings,  ii.  424  ;  on  production  of 
crude  nickel,  ii.  552 ;  on  separation 
of  nickel  from  cobalt,  ii.  602 

Kiistel,  on  patera  process,  i.  719 

Kuhlemann,  on  refining  lead,  i.  441  ; 
on  silver  extraction  processes  at 
Freiberg  and  Altenau,  i.  610 

KuptFer,  on  melting  jioint  of  tin,  ii.  375 

Kupferauflosungsschmelzen,  i.  495 

Kupferkamme  works,  Mansfeld,  manu- 
facture of  sulphuric  acid  at,  i.  155 

Kupfernickel,  ii.  507 

Kupferschiefer,  removal  of  bitmnen  from, 
by  heap-roasting,  i.  38  ;  formation 
of  trisilicates  in  smelting  of,  i.  89  ; 
older  furnaces  for  smelting,  i.  97, 
98 ;  process  of  smelting,  at  Mans- 
feld, i.  110;  composition  of,  i.  154; 
desilverisation  of,  i.  154,  155 

Kuschel  and  Hinterhuber's  furnace  for 
calcining  zinc  blende,  ii.  51 

Kuss,  on  the  Bustamente  furnace,  ii. 
268  n,  272 


La  Granja  mine,  Zacatecas,  patio  process 
at,  i.  646 

Lama,  in  patio  process,  i.  631 

Lambotte,  on  treatment  of  tin-cuttings, 
ii.  424 

Lanieros,  see  Cajetes 

Lampadius,  on  treatment  of  blicksilber 
for  gold,  i.  844  ?(  ;  on  composition  of 
tin  slags  from  Altenberg,  ii.  407, 
408  ;  on  composition  of  liquation- 
dross  from  Altcnwald,  ii.  414 :  on 
filtration  f)f  tin.  ii.  416 


Lana  philosophica,  ii.  4 

Lancauchez,  .see  MuUer 

Landolt  and  Mallet,  on  fusibility  of 
arsenic,  ii.  471 

Landsberg's  patent  zinc  scum  distiller, 
i.  543,  546 

Lang,  Herljert,  on  copper  matte  smelting,. 
i.  167 

Lange,  on  electrohsis  of  zinc,  ii.  216 

Langer,  on  Bustamente  furnaces,  ii.  273, 
276  u 

Langer  furnace,  for  extraction  of  mer- 
cury, ii.  286.  287*-289'- 

Laroche,  his  method  of  nickel  extraction, 
ii.  576,  577 

Laroque,  on  treatment  of  tin-cuttings, 
ii.  422 

Larranaga,  introducer  of  Idrian  furnace 
into  Almaden,  ii.  273 

Laske,  on  zinc  desilverising  process  at 
Friedrichshutte,  i.  532 

Laszlo  amalgamators,  the,  i.  790,  792* 

Laur,  on  Krohnke  process,  i.  621  ;  on 
the  patio  process,  i.  633  ??,  635  ??,  637, 
646 

Lavadero,  the,  in  patio  process,  i.  643, 
644^' 

Leaching,  of  copper  solutions,  i.  208 ; 
after  calcination  of  copjjer  pyrites 
forsiUphate,  i.  213-215;  for  chloride, 
1.  228",  229,  230  ;  in  solution  of 
copper  as  chloride,  i.  237,  238  ;  pre- 
paratory to  electrohsis,  i.  251 

Lead,  used  in  displacement  of  gases  from- 
copper,  i.  2 ;  melted  w  ith  copper, 
i.  3  ;  action  with  cupric  oxide,  i.  8  ; 
action  with  cuprous  sulphide,  i.  11  r 
in  copper  ores,  i.  24.  26  :  in  Rani- 
melsberg  ores,  i.  45,  156,  157  ;  reduc- 
tion of,  in  smelting  calcined  copper 
ores,  i.  87  ;  Pilz  furnaces  for  smelting, 
i.  98  ;  contained  in  kupferschiefer. 
i.  155  ;  action  in  electrolysis  of  cop- 
per slimes,  i.  262,  263 
])hysical  ])ro)jerties,  i.  275  ;  chemical 
properties,  i.  276 ;  chemical  reac- 
tions of  compounds,  i.  276-281  r 
alloys,  i.  281  ;  ores  i.  281-283  ; 
production  of  metallic  lead,  i.  283, 
284  ;  extraction  from  ores,  i.  284-494 
extraction    from    Galena,    i.    284—404, 

•sec  unfit r  (ialena 
air-reduction  jaoeess,  i.  286-319  ;   col- 
lecting  the   products   for    paint,    i. 
314,  318 
roasting  and  carbon  reduction  ])rocess, 
i.   319-394  ;  smelting  calcined  ores, 
i.   339-394;    lead  ores  of   f'reiberg, 
i.  386-389 
iron    reduction    process,    i.     394-409 ; 
combined    roasting    and    reduction, 
and  iron  reduction  processes,  i.  409- 
411  ;   combined  iron  reduction  pro- 
cess and  smelting  of  oxidised  ores, 
i.  412  41(1 
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smelting  of  lead  .sulphate,  i.  416-418  ; 
of  plumbiferous  metallurgical  pro- 
duets,  i.  418-422 ;  of  bye-produets, 
i.  422-430. 

refining  of  lead,  i.  430-453. 

easting  of  refined  lead,  i.  453-45;) ; 
composition  of  refined  American 
mai'ket  lead,  i.  455. 

action  on  silver  sulphide,  i.  459  ;  alloy 
of  silver  and,  i.  4(54 ;  baths,  for 
production  of  silver-lead  alloy,  i. 
473  ;  production  of  silverdead-zinc 
alloy,  i.  522  ef  seq. 

production  of  silver  b}'  means  of,  syv 
under  work-lead 

effect  on  gold,  i.  753-755 ;  allo^^ed 
with  gold  for  dry  extraction,  i.  763  ; 
reduction  of  in  gold-refining,  i.  855 

present  in  conmiercial  zinc,  ii.  3  ; 
action  with  zinc,  ii.  5  ;  action  with 
zinc  sulphide,  ii.  10,  11  ;  alloy  of 
zinc  and,  ii.  12  ;  electrolysis  of 
silver-lead  alloys,  ii.  221  ;  prepara- 
tion of  the  mixture  of  sulphate 
and  oxide  of  lead  and  oxide  of  zinc, 
ii.  235  237 

action  with  bismuth,  ii.  348,  349  ; 
alloys  of  bismuth  and,  ii.  351,  352; 
treatment  of  alloys  with  bismuth, 
ii.  365  ;  by  electrolysis,  ii.  365-368  ; 
extraction  of,  from  crude  bismuth, 
ii.  372 

effect  on  tin,  ii.   375;  lead  from  Frei- 
))erg,  containing  tin,   ii.  419  ;  alloys 
of  antimony  an<l,  ii.  436,  437 
Lead  antimoniate,  chemical  reactions  of, 
i.  281 

-ashes,  treatment  of,  i.  430 

black-lead  ore,  i.  282 

carbonate,    chemical    reactions    of,    i. 

280  ;  extraction  of  lead  from,  i.  284  ; 
smelting  of,  i.  413-416 

chloride,  chemical  reactions  of,   i.  281 

-matte,  composition  of,  from  blast 
furnace  process,  i.  381,  382  ;  treat- 
ment of,  i.  383-385  ;  composition  of, 
at  Clansthal  and  Lautenthal,  i.  4(l3, 
407  if  fifq.  ;  smelting  of,  i.  404-409  : 
composition  of  at  Alexisbad,  i. 
410,  411  ;  smelting  of,  i.  420,  421 

monoxide,  chemical  reactions  of,  i. 
276,  277  ;  reduction  of  in  smelting 
calcined  lead  ores,  i.  340  ;  smelting 
of  oxidised  ores,  i.  412,  413 

oxide,  action  on  cuprous  oxide,  i.  7  ; 
action  on  cupric  oxide,  i.  8  ;  action 
of  cuprous  sulphide,  i.  10  ;  reduction 
of  in  zinc  distillation,  ii.  86 

red-,  i.  277 

silicate,  chemical  reactions  of,  i.  280, 

281  ;  reduction  in  smelting  calcined 
lead  ores,  i.  340 

slags,  from  smelting  lead  ores,  com- 
position    of     various,    i.     344-348 ; 


treatment  of,  in  smelting  process,  i. 
378  ef  Heq.  ;  composition  of,  from 
blast  furnace  process,  i.  381,  382  ; 
from  Langelslieim  and  ( loslar,  i.  386  ; 
composition  of ,  from  Lauljenthal  and 
Clausthal,  i.  404,  407  ef  xeq.  ;  smelt- 
ing of,  i.  420,  421 

-speiss,  produced  in  leail  ore  smelting, 
i.  381,  389 

sulphate,  ciiemical  i-eactions  of,  i.  280; 
composition  and  localities  f)f,  i.  283; 
extraction  of  lead  from,  i.  284,  322  ; 
smelting  of,  i.  416-418  ;  reduction  of, 
in  zinc  distillation,  ii.  87 

sulphide,  chemical  reactions,  i.  277- 
280  ;  reduction  of,  in  smelting  cal- 
cined lead  ores,  i.  340,  341 
Lead,  Work-,  i.  285  ;  from  Alexislmd, 
composition  of,  i.  410,  411  ;  con- 
centration of  silver  in,  i.  422  ;  pro- 
duction of,  from  ores,  i.  471-485; 
from  rich  silver  ores,  i.  472-474 ; 
method  of  leading  in  crucibles,  i. 
473 ;  production  of  silver-lead  alloy 
in  lead  baths,  i.  473,  474  ;  from  ores 
of  medium  silver  percentage,  i.  474- 
480  ;  from  poor  silver  ores,  i.  480- 
485 ;  from  metallurgical  bye-products, 
i.  485-502  ;  leading  of  mattes,  i.  485- 
489  ;  smelting  of  mattes  with  mate- 
rials containing  lead,  i.  489-495; 
desilverising  mattes  by  means  of  lead 
and  copper  conjointly,  i.  495  ;  pro- 
duction of  work-lead  from  speiss, 
i.  495,  496  ;  desilverisation  of  alloys 
by  lead,  i.  496  ;  liquation  process  for 
desilverising  copper-silver  alloys,  i. 
497-502  ;  production  of  work-lead 
from  other  metallurgical  products, 
i.  502 

concentration  of  silver  in,  i.  502  et 
Heq.  ;  Pattinson  processes,  i.  503-514; 
Rozan  process,  i.  514-519  ;  desilver- 
ising by  means  of  zinc,  i.  519-522  ; 
production  of  silver  lead-zinc  alloj-, 
i.  522  et  -^eq.  ;  desilverising  process, 
i.  528-533  ;  liquation  of  zinc  scums, 
i.  533-538  ;  treatment  of  desilverised 
lead,  i.  538,  539  ;  production  of  rich 
lead  from  zinc  alloy,  i.  539  et  atq.  ; 
distillation  of  zinc  scums,  i.  540-548 ; 
smelting  rich  scums,  i.  548,  549 ; 
cupellation  of  zinc  scums,  i.  549 ; 
oxidation  of  zinc  by  steam,  i.  550- 
552  ;  lixiviation  of  zinc  oxides,  i. 
552,  553  ;  extraction  of  zinc  oxides, 
i.  553  561  ;  combined  Pattinson  and 
zinc  desilverising  processes,  i.  561  ; 
production  of  zinc-silver  alloy  from 
work-lead,  i.  561-566 

cupellation  of  argentiferous  lead,  i. 
566-568  ;  in  German  furnace,  i.  568- 
583 ;  without  additions  of  lead.i.  583- 
585 ;  with  additions  of  lead,  i.  585, 
586  ;  in  English  furnace,  i.  586-595  :, 
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retiningof  ))licktiilber,i.  o96-(ii)l  ;  ex- 
traction of  silver  by  conversion  into 
a  silver-lead  alloy,  i.  601  tt  stq. 

Leading  of  rich  silver  ores  in  crucibles, 
i.  473  ;  of  silver  mattes,  i.  485-495  ; 
of  argentiferous  copper,  i.  497,  498 

Leblanc  soda  works,  treatment  of  lesi- 
dues   in  precipitation    of   copper,    i. 

209  ;  nickel  extraction  at,  ii.  579 
Ledebur,  on  alloys  of  tin  and  copper,  i. 

3  ;  on  melting  point  of  bismuth,  ii. 
347 ;  on  britannia-metal,  ii.  436 ; 
on  effect  of  0x3' gen  on  nickel,  ii.  498 

Lederer  and  Nesseny,  manufacturers  of 
the  Mitter  condenser,  ii.  321 

Lehigh  Zinc  and  Iron  Co.,  the,  Pa.,  heap- 
roasting  of  zinc  blende  hy,  ii.  39  ; 
extraction  of  zinc  white  by,  li.  226 

Leibius,  on  gold-parting  b}'  chlorine  gas, 
i.  850 

Leichsenring,  on  filtration  of  tin,  ii.  416 

von  Leithner,  designer  of  Idrian  furnace, 
ii.  273 

Lenz,  on  Russell  process,  i.  734 

Leob,  on  furnace  for  calcining  zinc 
blende,  ii.  47/i 

Leopold's  furnaces,  ii.  273,  274,*  275* 

Le  Plaj',  on  Welsh  process  of  copper 
smelting,  i.  138,  139  ;  on  smelting 
coarse  metal  for  white  metal,  i.  140, 
141 ;  on  composition  of  coarse  copper, 
i.  146  ;  on  composition  of  moss 
copper,  i.  149 
Lesoinne,  proposal  for  improvement  in 
zinc  extraction,  ii.  185 

Letrange,  on  electi'olysis  of  zinc,  ii.  198, 

210  tt  seq. 
Leucopyrite,  ii.  476,  477,  481 

Levat,  on  oxidation  of  coarse  nickel 
matte,  ii.  537  »  ;  on  refining  nickel 
matte,  ii.  542  n  ;  on  production  of 
copper-nickel  alloys,  ii.  545,  546 ; 
on  production  of  crude  nickel,  ii.  5.52 

Lichtenberg,  on  alloys  of  bismuth,  ii. 
351 

Liebig,  on  manufacture  of  artificial 
cinnabar,  ii.  344  ;  on  the  precipita- 
tion method  of  antimony  reduction, 
ii.  457 

Liebig  and  Eichhorn  furnace,  for  zinc 
calcinations,  i.  85  ;  for  calcination 
of  zinc  Ijlende,  ii.  63,  64*,  65 

Liege  furnace,  the,  ii.  112,  113*,  114*,  127 

von  Lill,  on  composition  of  crude  tin 
from  .Schlag,L,'»'invald,  ii.  406  ;  com- 
position of  slag  from  Schlaggenwald, 
ii.  412 

Linnseite,  ii.  599 

Lime,  action  on  cu])rous  chloride,  i.  12 ; 
on  cupric  chloride,  i.  13 ;  reduction 
in  calcination  of  cojjjjcr  pyrites,  i. 
26  ;  effect  of,  in  smelting  calcined 
copper  ores,  i.  90 ;  milk  of,  for 
precipitation  of  copper,  i.  209 ; 
action    in    .smelting    calcined     lead 


ores,  i.  341,  343,  345,  346;  action  in 
iron-reduction  process  of  lead  ex- 
traction, i.  395 ;  action  with  zhic 
sulphide,  ii.  11  ;  with  zinc  sili- 
cate, ii.  11  ;  reduction  of,  in  zinc 
distillation,  ii.  87  ;  action  with  mer- 
curic sulphide,  ii.  253 ;  extraction 
of  mercury  by  heating  cinnabar 
with,  ii.  32:^329 
Lindemann,   on  electrolysis    of   zinc,   ii. 

207,  212  et  .sfiq. 
Lipowitz,  on  effect  of  cadmium  on  alloys, 
ii.  241  n  ;  on   alloys  of   bismuth,  ii. 
351 
Liquaticm  pots,  for  reduction  of  antimony, 

ii.  439,  440* 
Litharge,  ciiemical  reactions  of,  i.  277  ; 
smelting  of,  i.  423-425  ;  gold-parting 
by  sulphur  and,  i.  844,  845 ;  fusion 
of  zinc  with,  ii.  5 ;  extraction  of 
bismuth  from,  ii.  362,  363 
Livermore   furnaces,    for    extraction    of 

mercury,  ii.  303,  304*,  305 
Livingstone,  on  composition  of  slag  from 
American   lead    smelting   works,    i. 
346 
L(")llingite,  ii.  476 
L(')\ve,  on  compositions  of  various  pure 

tins,  417  H 
Lone    Elm    Mining   and   Smelting   Co."s 
Works,    Joplin,  Jumljo  furnace  at, 
i.  318 
Lone  Pine  iline,   Montana,  condiination 
process   of    silver   extraction   at,    i. 
674 
Long-bedded   calciner,    ■•<e.t    Fortschaufe- 

lungsofen 
Longmaid,  on  production  of  chloride  of 

copper  in  dry  \\a3',  i.  220 
Long  Tom  gold  washer,  i.  760,  761 
Loi'enz,  his  modification  of  tlie  Silesian 
gas  furnace,  ii.  152-154*  ;  on  electro- 
lysis of  zinc,  ii.  225 
Lossen,    C. ,    on   extraction    of    gold   hy 

bromine,  i.  827 
Lost    Ledge    iline,    the,    in   California, 
retort     furnaces     for    mercury     ex- 
traction iisedat,  ii.  322 
Louis,  H. ,  on  action  of  niorcury  on  gold, 
i.  loon;  on  Berdan  pans,  i.  796  ;  on 
Comish    tin-smelting    furnaces,    ii. 
395  n  ;  on  silicate  of  tin,  ii.  400m  ;  on 
Chinese    tin-smelting    furnaces,    ii. 
403  n. 
Louyet's   process,   in    nickel   extraction, 

ii.  576 
Lowei-Harz  furnace, the  old,  i.  364*,  365*  : 

the  modern,  369,  370,  371*-374* 
Low     furnaces,    for     smelting     calcined 

copper  ores,  i.  98 
Luckow,  on  electrolysis  of  zinc,  ii.  198, 

•lU)  ft  .siq. 
Ludwig,  on  pi'oduction  of  small,  ii.  609  ; 
liis  analysis  of   smalts,   ii.  612  ;  see 
luuler  Classen  and  Ludwiij 
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LuteocoUaltous  cliloiidu,  ii.  oDS 

Luiidborg,  on  separation  of  nickel  and 
cobalt,  ii.  6U'2 

Lunge,  iiis  Englisli  pj'iites  l)nriier.s,  i. 
47,  48'',  49*  ;  on  Hasenclever-Hell)ig 
furnace,  i.58;  on  MacDongall  furnace, 
i.  05  :  on  precipitation  of  copj)er,  i. 
20(i,  209  ;  on  production  of  uldoride 
of  copper  in  dry  way,  i.  "221,  280 /(  ;  on 
precipitation  of  copper  from  chloride, 
i.  248  n  ;  on  manufacture,  from  zinc 
blende  calcination  products,  of  sul- 
l)]iur  dioxide,  ii.  17  ii  ;  on  preparation 
of  tin  chloride,  ii.  423  ii 

Lynch,  his  test  for  cupellation  process 
of  argentiferous  lead,  i.  590'^ 

Lynch  furnace,  the,  for  cupellation 
process,  590*,  594 

Lynen,  on  condensation  of  zinc  vapour, 
ii.  2  ;  on  cost  of  zinc  distillation  in 
Belgo-Silesian  furnaces,  ii.  105  ;  his 
condenser,  ii.  193*,  194 


M 


.MacArthur,  method  of  copper  heap 
roasting,  i.  34*  ;  on  his  gold-extrac- 
tion process,  i.  828  v,  829 

^lacArthur-Forrest  pi'ocess  of  gold  ex- 
traction, i.  828-839  ;  solution  of  the 
gold,  i.  829-834  ;  precipitation  of  the 
gold,  i.  834-837  ;.  treatment  of  pre- 
cipitated gold,  i.  837-839 ;  results, 
i.  840,  841 

^IcCone  pan,  for  \Yashoe  process,  i.  058, 
660* 

MacDougall  copper  furnace,  disposition 
of  ores  in,  i.  52,  65,  66*,  67  ;  ilift'er- 
ences  between  Haas  furnace  and,  ii. 
71 

^lacfarlane,  his  metliod  of  nickel  extrac- 
tion, ii.  575 

McKillop  and  Ellis,  on  tin  smelting  in 
the  Straits  Settlements,  ii.  399  n, 
400  n 

Maclaurin,  on  the  action  of  oxygen  on 
gold,  i.  830 

Maginiss  Mine,  Montana,  combination 
pi'ocess  of  silver  extraction  at,  i. 
674 

Magistral,  in  patio  process,  i.  632 

Magnesia,  reduction  in  smelting  lead 
ores,  i.  343  ;  reduction  of,  in  zinc  dis- 
tillation, ii.  88  ;  for  zinc  distillation 
vessels,  ii.  194 ;  extraction  of  zinc 
bv,  ii.  197  ;  electrolysis  of  zinc  with, 
ii^  215,  216 

Magnesium,  cldoride  of,  action  on  cuprous 
sulphide,  i.  10  ;  effect  of,  in  smelting 
calcined  copper  ores,  i.  90 

Magnetite,  ii.  508 

^lahler,  on  calcining  zinc  blende,  ii.  46  ii, 
48  n  ;  on  Hasenclever-Helljig  fur- 
naces, ii.  62  n 


Maire,  Jean,  on  mainifacture  of  artilicial 
cinnabar,  ii.  344 

Malachite,  its  loc^alities,  etc.,  i.  13 

Mah'tra  furnace  for  copper  extraction, 
disposition  of  the  ores,  i.  52,  58,  59*- 
61*  ;  Schafi'ner's  improved,  59*- 61  ; 
Jurisch's  improved,  (il,  ()2*,  63*  ;  for 
silver  ores  of  Zalathna,  i.  482 

Maletra  Chemical  Co.,  the,  method  of 
nickel  extraction  adopted  by,  ii.  578  ; 
method  of  cobalt  extiaction  adopted 
by,  ii.  603 

Mallet,  on  solidification  of  mercury,  ii. 
250 

Maltman's  mine,  California,  chlorination 
of  gold  ore  at,  i.  812 

Manga,  in  patio  process,  i.  646 

^langanese,  as  a  purifier  of  nickel,  ii.  595  ; 
oxide  of,  reduction  of  in  zinc  distil- 
lation, ii.  86 

Manhes,  his  converters,  i.  160*  ;  and 
David,  their  convertei'S,  i.  161*,  162  ; 
on  nickel  refining,  ii.  596 

Mansfeld  Company,  mines  of  the,  i.  38 

Marchand  and  Scheerer,  on  .specific  gra- 
vitj'  of  copper  i.  1 

Marchese,  method  for  extraction  of  copper 
from  matte  by  electrolvsis,  i.  257, 
258*,  259*,  260 

Marsac  Mills,  Utah,  treatment  of  silver 
sulphide  at,  i.  732  ;  Russell  process, 
i.  737 

Marsh,  W. ,  on  extraction  of  zinc  by  dry 
and  wet  method,  ii.  197 

Martens,  on  manufacture  of  artificial 
cinnabar,  ii.  344 

Martin  process,  the,  in  manufacture  of 
ferro-nickel,  ii.  507 

Marx,  on  furnaces  iised  at  ^lonteponi 
mines,  ii.  30;i 

Mason,  on  inquartation,  i.  852 

Massart,  on  double  furnaces  for  zinc-dis- 
tillation, ii.  118«  (117*,  118*),  127h  ; 
on  treatment  of  furnace  products, 
ii.  174,  175 

Matthey,  on  lead-bismuth  alloys,  ii. 
352  n  ;  on  extraction  of  arsenic  from 
crude  bismuth,  ii.  370  h  ;  on  extrac- 
tion of  platinum,  ii.  623 

^Matthiesen,  on  specific  gravity  of  silver,  i. 
456;  on  electric  conductivity  of  silver, 
i.  456  ;  of  gold,  i.  753  ;  on  specific 
gravit}'  of  zinc,  ii.  1  ;  on  the  electric 
conductivity  of  zinc,  ii.  2  ;  of  mer- 
cury, ii.  250  ;  of  bismuth,  ii.  347  ; 
of  tin,  ii.  375 ;  of  antimonv,  ii. 
431 

Matthiesen-Hegeler  works,  .see  Hegeler- 
Matthiesen  works 

Massicot,  i.  277 

Mears'  process  of  gold  chlorination,  i. 
816 

^ledina,  Bartolome  de,  discoverer  of  the 
Patio  process,  i.  625 

^lehu,   on   purification  of  bismuth  from 
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arsenic,    ii.    870  ;    from  .sulnlmr,    ii. 
372 

Meissonier,  discovered  nickel  in  Spain, 
ii.  o09 

Melaconite,  its  localities,  i.  13 

Melanglanz,  ■■ice  Stephanite. 

Melsens,  on  transparency  of  merciuy,  ii. 
250  ;  on  antidotes  to  poisoning  from 
mercury  vapour,  ii.  2(j3 

^lendipite,  i.  283 

^lentzel,  on  impurities  in  commercial 
zinc,  ii.  3 

iSIenzler,  on  leading  of  silver  matte,  i. 
487 

Mercur  mines,  Utah,  Mac  Arthur- Forrest 
gold-extraction  process,  i.  837,  841 

Mercury,  action  on  silver  ai'seniate  and 
antimoniate,  i.  403  ;  alloy  of  silver 
and,  i.  463  ;  action  of,  in  amalgama- 
tion process  of  .silver  extraction,  i. 
611  ef  8eq.  ;  amalgamation  with  a 
soluble  salt  of,  i.  702,  703  ;  efi'ect  on 
gold,  i.  755  (see  under  Amalgama- 
tion) ;  mercury  reservoir  in  the  Craw- 
ford mills,  i.  776,  777* 
physical  properties,  ii.  250,  251  ; 
chemical  properties  of,  and  of  com- 
pounds, ii.  251-254  ;  alloys  and 
amalgams,  ii.  254  ;  ores,  ii.  254-259  : 
furnace  products,  ii.  259 
extraction  of.  in  the  drv  wav,  ii.  259- 

342 
hy  heating  cinnabar  in  the  air,  ii.  261- 
322  ;  poisonous  qualities  of  mercurj- 
vapour,  ii.  263  ;  heap-roasting,  ii. 
264  ;  condensing  appliances,  ii.  265- 
267 
extraction  in  shaft  furnaces,  i.  267- 
3(»9  ;  in  internally  fired  furnaces, 
ii.  268  ;  in  Bustamente  or  aludel 
furnace,  ii.  268,  269-273  ;  in  Idrian 
furnace,  ii.  273-276  ;  in  externally 
fired  furnaces,  ii.  277  -  278  ;  in 
shaft -fired  continuously,  ii.  278  : 
furnaces  for  lump  ores,  ii.  279-293  ; 
Kxeli  furnace,  ii.  279-286  ;  Langer 
furnace,  ii.  286-289  ;  Knox  furnace, 
ii.  289-293  ;  furnaces  for  ore  fines, 
ii.  293-309  ;  Hiittner  and  Scott  fur- 
nace, ii.  293  ;  Granzita  furnace,  ii. 
293-301  ;  Tierras  furnaces,  ii.  301 
303  ;  Livermnre  furnaces,  ii.  303 
305  :  Czermak  furnaces,  ii.  3(>5  309 
extract if)n  in  reverljcratory  fuinaces, 
ii.  309-315  ;  in  iron-clad  lever- 
))eratory  furnaces,  ii.  311  315  ;  in 
shaft  furnaces  propei-,  ii.  315  321  ; 
in  retort  furnaces,  ii.  321  322 
bj-  heating  cinnabar  with  lime  or  iron 
in  absence  of  air,  ii.  323  329  ;  ])ro- 
ducts  of  extraction,  ii.  329-33(i  ; 
soot,  ii.  329-332  ;  treatment  of  soot, 
ii.  332  336  ;  general  arrangement  of 
mercury  works,  ii.  33(5  341  ;  composi- 
tion of  oi'es  at    Idiia,    ii.  336,   337  : 


extraction  of  mercury  from  mercurial 
fahlores,   ii.   341.  342;    from  metal- 
lurgical products,  ii.  342 
extraction  in  wet  way,  ii.  342,  343 
extraction  by  electrolysis,  ii.  343-344 
manufacture  of  artificial  cinnabar,  ii. 
344-346  ;  effect  of  aluminium  on,  ii^ 
6.32 

^lercury  black,  see  Soot,  mercurial 

Mercurial  fahlore,  see  Fahlore 

Mercuric  chloride,  chemical  reactions  of, 
ii.  252;  oxide,  chemical  reactions  of, 
251,  252;  sulphide,  chemical  re- 
actions of,  ii.  252-254 

Meredith's  works,  California,  chlorina- 
tion  at,  i.  815 

Merget,  on  volatilitv  of  mercury,  ii. 
250 

Metastannic  acid,  properties  of,  ii.  377 

Mexican  bell,  703*,  704 

Miargyrite,  localities  of,  i.  466  ;  ii.  437 

Michell,  his  proposed  method  for  removal 
of  tungsten  from  roasted  tinstone,  ii. 
391 

]\Iielchen's  nozzle,  ii.  141,  142'^ 

iliest,  see  Bias 

Miller  process  of  gold-parting,  i.  847- 
850 

Millerite,  see  Nickel  Pyrites 

Millon,  on  volatility  of  mercury,  ii.  250 

Mimetesite,  i.  283 

"  Mineral,"  in  treatment  of  Lake-copper,, 
i.  196 

Minet,  on  exti'action  of  tin  by  electro- 
lysis, ii.  426  ;  his  electrolj-tical 
method  of  aluminium  extraction,  ii, 
654,  655 

Mispickel,  ii.  475,  481 

Missouri  mine,  the,  at  Pine  flat,  retort 
fujnaces  for  meix-urv exti'action  used 
at,  ii.  322 

Missouri  Zinc  Co.,  the  St.  Louis,  zinc- 
distillation  furnaces  at,  ii.  129,  130 

Mitscherlich,  on  specific  gravity  of  arti- 
ficial cinnalmr,  ii.  253  ;  on  the  re- 
fining of  antimony,  ii.  462 

Mitter,  on  lieap  and  stall-roasting  of 
cinnabar,  ii.  264  ;  on  Idrian  furnaces, 
ii.  273  H  ;  on  Czermak  furnaces,  ii. 
309?;  ;  his  condensers,  used  with  the 
Xovak-O.ermak  furnaces,  ii.  321  ;. 
on  composition  of  residues  at  Idria, 
ii.  335  )i  ;  on  extraction  of  mercurj'at 
Idiia,  ii.  340,  341 

"  Mixed  "  ores,  calcined  in  Oker  kilns,  i. 
51" 

Moebius,  his  process,  for  parting  gold  and 
silver,  i.  268 ;  on  parting  of  gold 
by  electrolysis,  i.  874 

Moffet  hearth,  see  Jmnbo  hearth 

Moissan,  on  aluminium  carl)ide,  ii.  631 

-Moldcnhauer,    on    action    of   oxvgen   on 

gold,  i.  83(» 
Molloy,  on  the  MacArthiir  and  Forrest 
gold  extraction  process,  i.  828  ii,  838 
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on    eleetro-metalhugical    extraction 

of  gold,  i.  482 
Moly))deninn,  effect  on  tin,  ii.  STo 
.N[ond,    iiis   proposals    for   extraction   of 

nickel,  ii.  .573 
Monnier,  on  calcination  of  co[)per  pyrites 

for  the  snlpliate,  i.  213-21") 
Montalvo,   Luis  BeiTiode,    on  tlie  patio 

process,  i.  02o 
Montana  Co.,  Ltd.,  the,   at  Marj\sville, 

combination  pi'ocess  of  silver  extrac- 
tion at,  i.  074 
Alontefiore  furnaces,  melting  of  zinc  fume 

out  of,  ii.  175,^'  17(> 
Moresonite,  ii.  508 
Morgan's  patent  plundtago  crucibles,   i. 

r)4G 

Morin,  on  extraction  of  tin  by  electro- 
lysis, ii.  426 

jMortars  of   stamp   mills,  i.   778*',  779"'  ; 
gold  amalgamation  in,  i.  789,  790 

Moxham,     on     composition    of     Bertha 
spelter,  ii.  183  n 

^loxdds,  for  casting  copper,   i.    192;  for 
casting  refined  lead,  i.  454,  455^' 

Moulin  and   Dole,    on  treatment  of  tin- 
cuttings,  422,  423 

Mrazek,  on  extraction  of  bisnuuh  from 
alloys,  ii.  364,  365,  372 

Miinster,  on  argentiferous  copper  matte, 
i.  118,  119^' 

MufHe  furnaces,  for  calcination  of  copper 
ores,  i.  28,  83-86 ;  calcination  of 
copper  matte  in,  i.  113,  116;  for 
production  fif  copper  chloride,  i.  233, 
234*',  235  ;  lead  ores  roasted  in,  i. 
329 
calcination  of  zinc  blende  in  com- 
bined reverberatory  and,  ii.  59- 
63  ;  calcination  of  zinc  blende  in,  ii. 
63-74  ;  with  liand  rabblijig,  ii.  63- 
71  ;  with  machine  rablding,  ii.  71- 
74  ;  utilisation  of  products  of  calci- 
nation in,  ii.  75-84  ;  for  zinc  distilla- 
tion, ii.  94,  95'''-101*'  ;  compared  with 
retorts,  for  zinc  distillation,  ii.  103- 
105  ;  zinc  distillation  in  mutttes,  ii. 
130-173  {-see  under  Zinc)  ;  for  zinc 
distillation,  construction  of,  ii.  130- 
133;  condensers  for,  ii.  133-143; 
furnaces,  ii.  143  et  -seq.  ;  loss  of  zinc 
by  distillation  in,  ii.  170-172 ;  cost 
of  distillation  in,  ii.  173 
treatment  of  cadmium  in,  ii.  245  ;  for 
exti'action  of  crude  arsenious  oxide, 
ii.  481,  486  :  for  refining  coarse  nickel 
matte,  ii.  533  ;  for  roasting  arsenical 
ores,  ii.  559 
Muir,    on   treatment  of  tin-cuttings,  ii. 

422 
Mulden  works,  at  Freiberg,  furnace  for 
calcining  lead  ores  at,  i.  334,  335*, 
338  ;  composition  of  slags  fi'om,  i. 
347 ;  Pilz  furnaces  at,  i.  352-355 ; 
smelting    lead   ore   at,    i.    386-389; 


zinc  desilverising  process  at,  i.  532  ; 
Pattinson  and  zinc  desilverising  pro- 
cesses combined,  i.  561 

MuUer  and  Lancauchez,  proposal  for  im- 
provement in  zinc  extraction,  ii.  185/' 

]\fullerus,  on  treatment  of  tin-cuttings, 
ii.  423;;. 

Munktell's  process  of  gold  chlorination. 
i.  815 

Murray,  on  composition  of  slag  from 
American  lead  smelting  works,  i. 
346 

Muspratt-Kerl,  on  extraction  of  coljalt 
oxide,  ii.  601 

Mylius,  on  oxidation  of  aluiiiiiiiuni,  ii. 
628 

Mjdius  and  Fromm,  on  electrolj'sis  of 
zinc,  ii.  202,  204 

Naef,  on  extraction  of  tin  by  electrolysis, 
ii.  427 

Nagyagite,  i.  758 

Nahnsen,  on  electrolysis  of  zinc.  ii.  2n{i. 
201,  204,  209  ef  seq. 

Napier,  on  composition  of  pimple  metal, 
i.  148  ;  of  blue  metal,  i.  149  ;  of  moss- 
copper,  i.  149  ;  on  volatility  of  gold, 
i.  752 

Nas  de  Gilles  mine  at  Baux,  composition 
of  aluminium  from,  ii,  633 

National  works,  the  Chicago,  lead  refin- 
ing at,  i.  453  ;  desilverising  Ijy  zinc 
method,  i.  524,  533 ;  licpiation  of 
zinc  scums,  i.  538 

Necopyrites,  ii.  508 

Neeb,  on  tin-smelting  in  Banca,  ii.  410 

Needleore,  ii.  352 

Netto,  his  process  of  aluminium  extrac- 
tion, ii.  642 

Neville,  on  melting-point  of  silver,  i. 
456  II 

Newljery's  process  of  gold  chlorination. 
i.  816 

New  Jersey  Zinc  and  Iron  Co.,  the,  ex- 
traction of  zinc  white  by,  ii.  226. 
232 

New  Primrose  Mine,  Transvaal,  Mac- 
Arthur-Forrest  gold-extraction  pro- 
cess at,  i.  833 

Newton,  on  alloys  of  bismuth,  ii,  351 

Nicholson  Works,  Brooklyn,  Mac- 
Dougall  furnace  in  use  at,  i.  67 ; 
converters  used  at,  i.  166 

Nickel,  in  coi:)per  ore  at  iluhlbach,  i. 
124  ;  in  cojiper  refining,  i.  173,  174. 
180,  195 ;  action  on  copper,  i.  4  ; 
action  in  electrolysis  of  copper 
slimes,  i.  261,  262  ;  in  speiss  from 
lead  smelting,  i.  389 
physical  properties,  ii.  496-498: 
chemical  properties,  ii.  499  ;  chemi- 
cal i-eactions  of  compounds,  ii. 
499-506  ;  uses  for,  ii.  .506  ;  alloys, 
ii.  506,  507  ;  ores,  and  their  locali- 
ties, ii.  507-510 

EXTRACTIOX    OF,   IX    THK    DRV     WAY,   ii. 
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olO-573;  from  ores,  ii.  oil,  .ITO  ;  from 
sulphur  compounds,  ii.  oil  .554; 
conversion  of  llie  ore  into  coarse 
matte,  ii.  ol")-529  ;  roasting  the 
ore,  ii.  .315  020 ;  smelting  the 
roasted  ore,  ii.  520  .j29  ;  refining 
coarse  matte,  ii.  5.30  ."i-t-i  ;  conver- 
sion into  fine  matte,  ii.  5.30-544  ; 
concentiation of  poor  matte,  ii.  531- 
.')37  ;  refining  concentrated  matte,  ii. 
.538-544  ;  conversion  of  nickel-cop- 
per matte  into  copper-nickel  alloys, 
ii.  544-548  ;  production  of  nickel 
matte  free  from  copper,  ii.  .549-.551  ; 
production  of  crude  nickel,  ii.  551- 
.554 ;  extraction  of  nickel  from  sili- 
cates, ii.  5.54-556  ;  from  arsenical 
ores,  ii.  556-570  ;  conversion  of  ore 
into  coarse  .speiss,  ii.  557-563  ;  pro- 
<luction  of  refined  nickel  speiss,  ii. 
.563  568  ;  production  of  raw  nickel, 
ii.  568-570  ;  extraction  from  metal- 
lurgical products,  ii.  570-573  ;  new 
proposals  for  extraction  in  drv  wav, 
ii.  573 
Extraction  ix  wet  way,  ii.  574- 
588 ;  direct  from  ores.  ii.  574- 
579  ;  from  smelting  products,  ii. 
580-588  ;  extraction  from  matte, 
ii.  580-585 ;  from  speiss,  ii.  585- 
587  ;  from  slags,  ii.  587,  588 
Extra ctiox  by  electrolysis,  ii.  .588- 

592 
refining  of  nickel,  ii.  592,  596  ;  separa- 
tion  of,  from  cobalt,   ii.    601,  602; 
effect  on  aluminium,  ii.  ()27,  631 
Nickel   Co.,   at  Iserlohn,    extraction   of 

nickel  from  garnierite  at,  ii.  .555 
Nickel  antimony  glance,  ii.  .508  ;  arsenic 
glance,  ii.  .508  ;  white  arsenical-,  ii. 
476  ;  red  arsenical-,  ii.  476  ;  bloom, 
see  Annabergite  ;  carbonyl, properties 
of,  ii.  .506  ;  monosulphide,  chemical 
pi'operties,  ii.  .500,503 ;  ocJire,  we 
Aimabergite  ;  pjrites,  ii.  500.  508  ; 
silicate,  chemical  properties  of,  ii. 
.505,  .5tt6  ;  steel,  amount  of  iron  in, 
ii.  497,  498,  507  ;  sulphate,  chemical 
properties  of,  ii.  505 ;  vitriol,  see 
Moresonite  ;  white-ore,  .see  Chloan- 
thite. 
Nickclic  oxide,   chemical  properties,    ii. 

500 
Nickelous  chloride,  chemical  pro])erties, 
ii.    .505 ;     hydrate,     chemical     pro- 
perties, ii.  500  ;  oxide,  chemical  pro- 
perties and  reactions,  ii.  499,  500 
Niedeiliinder,  on  production  of  carlminiii 

sulpiiide,  ii.  242 
Niederschlagsarbeit,    set    Iron  icductiDii 

process 
Nitre,  action  with  zinc  sulphide,  ii.  1 1 
Nitric  acid,  a  solvent  for  copper,    i.    7  ; 
action  on  cuprous  oxide,  i.  8  ;  on  sil- 
ver,  i.   457  ;    on    silver   suljiliidc,   i. 


460  ;  on  gold,  i.  7.53  ;  gold-parting 
by,  i.  851-853  ;  action  on  zinc,  ii.  5  ; 
action  on  mercury,  ii.  251,  2.52  ;  on 
mercuric  sulphide,  ii.  253  ;  on  bis- 
muth, ii.  348  ;  extraction  of  bismutli 
by  means  of,  ii.  365,  372  ;  acti(jn  on 
tin,  ii.  376  ;  on  antimony,  ii.  431  ; 
on  arsenic,  ii.  472 ;  on  cobalt,  ii. 
497 ;  on  aluminium,  ii.  62S  ;  on 
nickel,  ii.  499 

Nitric  peroxide,  collected  in  English  py- 
rites burners,  i.  48 

Nollner.  on  tin-iron  alloys,  ii.  407 

Northern  Belle  Mill,  Nevada,  Stetefeldt 
furnaces  at,  i.  687 

North  Geiman  Refinery,  ihe,  sepaiation 
of  gold  from  platinum,  i.  625 

Nouvelle  Montague  Works,  the,  at 
Prayon,  tlouble  furnaces  for  zinc- 
disTillacionat,ii.  118",  127;  treatmeni 
of  furnace  products,  ii.  174,  175 

Novak,  modification  of  tlie  Czermak  fur- 
nace for  mercury  extraction,  ii.  305, 
318*,  320%  321 

Nozzles,  for  zinc-distillation  adapters, 
ii.  139  143 

0 

Oehme,  on  the  volatilising  roasting  of 
antimonv,  ii.  449 

Ofenljruch,  i'  320 

O'Harra  furnace  for  coi:)per  extraction,  i. 
72,  73*  ;  Brown-Allen  iu'provements, 
73*,  74"',  75  ;  used  at  Argo  works, 
Colorado,  i.  153  ;  for  lead  ore  roast- 
ing at  Denver,  Colorado,  i.  338  ;  for 
calcination  of  gold  ores,  i.  808  ;  for 
burning  calamine,  ii.  29  ;  for  calcin- 
ing zinc  blende,  ii.  50 

0"Harra-Brown  furnace,  tiie,  used  in 
leading  silver  matte,  i.  488  ;  in 
chloridising  roasting  silver  ores,  i. 
683 

Old,  on  refining  of  blicksilber,  i.  596 

Old  Globe  Mine,  Arizona,  process  of 
smelting,  i.  168 

Ollivier  and  Perret,  copper  furnace, 
disposition  of  the  ores,  i.  52,  57,  58*" 

Omaha  and  Grant  Smelting  Works,  Den- 
ver, furnaces  for  roasting  lead  oi'es 
at,  i.  334-3.36,  337'-,  338  ;  rectangular 
smelting  furnaces  at,  354,  376,  377  ; 
lead  slag  at,  i.  380  ;  treatment  of 
lead  matte,  i.  383,  384  ;  lead  smelt- 
ing at,  i.  392,  393  ;  lead  refining  at, 
i.  452,  453  ;  desilverising  by  zinc 
method,  i.  524 

Onofrite,  ii.  2.59 

Ontario  Mill,  Utah,  .Stetefeldt  furnace 
at,  i.  687 

Ores,  sit  under  the  names  of  the  various 
metals 

Ore-fines,  cop))cr,  calcination  in  shaft- 
furnaces,  i.  52 
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Ore  Knob  copper,  analysis  of,  i.  118 

Orford  Copper  Co.,  the.  New  Jersey 
fui'naces  for  ^^sinelting  calcined  cop- 
per ore  at,  i.  104*,  10")*  ;  process  of 
smelting,  i.  ll();prO(Uictioti  of  retineil 
nickel  matte  by,  ii.  .loO  ;  production 
of  crude  nickel  by,  ii.  TmS 

Orford  furnaces,  i.  <)'2,  93,  104*,  105*  ; 
fore-liearths  of,  i.  94  ;  process  of 
smelting  in,  i.  lid;  foi- refining,  i. 
188 

Orpiment.  ii.  47(i  ;  proiluction  of,  ii.  498, 
494 

Oser,  on  composition  of  mercniial  soot 
at  Idria,  ii.  380 

Osmium,  effect  on  gold,  i.  7r)3  ;  localities 
of,  ii.  (il(i 

Oudemans.  on  imi)urities  in  conniiercial 
zinc,  ii.  3 

Oxford  Nickel  and  Copper  Company,  i. 
45 

Oxidation  of  zinc  scums  b\- steam,  i.  550- 
552 

Oxland,  on  cementation,  i.  846 

Oxland  furnace  for  copper  extraction,  i. 
81,  127  {see  Hocking);  for  roasting 
lead  ores,  i.  339  ;  for  burning  cala- 
mine, ii.  30*  ;  for  purification  of 
roasted  tin-stone,  ii.  390,  391'' 

Oxland's  rotating  cylinder  furnace  for 
extraction  of  arsenic,  ii.  482,  483, 
487 

Oxland-Hocking  furnace,  the,  for  cal- 
cining tinstone,  ii.  388,  389*,  390 


Pack,  on  refining  of  zinc,  ii.  182 

Packfong,  see  China-silver 

Page,    on    composition     of     slag    from 

American    lead   smelting  works,    i. 

34(j 
Paint,  collecting  lead-smelting  products 

for  manufacture  of,  i.  311,  318 
Palladium,  ii.  (ilO 
Palm's  nozzle,  ii.  141* 
Pan-amalgamation,  i.  696-700 
Pans,  used  by  gold  prospectors,  i.  760*  ; 

gold-amalgamation  in,  i.  795-797 
I'atio  process,  of  silver  extraction,  i.  625- 

647  ;    crushing  the  ores,   627-631  ; 

amalgamation  of  ground  ore  in  the 

patio,    i.    631-642 ;     separation     of 

amalgam,  i.  642-646  ;  treatment  of 

amalgam,  i.  646,  647 
Paradon  mine  at  Baux,  composition   of 

aluminium  from,  ii.  633 
Parkes's  furnace  for  copper  extraction, 

i.  78,  79'"',  80  ;  for  burning  calamine, 

ii.  29 
Parkes's  desilverising  processes,  i.  422, 

425,  431 
Parnell,  on  extraction  of  zinc  by  dry  and 

wet  methods,  ii.  196 


Parnell  and  Simpson,  Messi's.,  method 
of  antimony  extraction,  ii.  468 

Parrot  Silver  and  Copper  Compan}',  the, 
at  Butte,  Montana,  cop])er  stall 
roasting  Ijy,  i.  39,  40*  ;  S[)encer  fur- 
naces adopted  by,  i.  62,  63 ;  fixed 
reverberatory  copper  calciners,  i.  71 ; 
composition  of  slags  in  English  pro- 
cess of  copper  smelting,  i.  127- 
Stalmann  converters  used  by,  i.  164, 
165 

Parting  of  gold,  i.  842  876.  (-S'^''  vvder 
(lold) 

Passaic  Zinc  Co.,  tiie,  extraction  of  zinc 
white  b}-,  ii.  226 

Patera  process,  i.  718-723 

Patera,  on  Augustin  process,  i.  709  ;  on 
formation  of  mercurial  soot,  ii.  262  ; 
his  retort  furnace,  ii.  321*,  322*  ;  on 
composition  of  mercurial  soot  at 
Idria,  ii.  330  ;  on  separation  of  nickel 
and  cobalt,  ii.  602 

Pattinson's  desilverising  processes,  i. 
422,  425,431,  434;  composition  of 
Harz  lead  refined  by,  i.  442  ;  compo- 
sition of  Freiberg  lead  before  and 
after  treatment  Ijy,  i.  444,  445  ;  des- 
cription of,  i.  503,  e/  .vc'/y.  ;  hand- 
pattinsonising,  i.  505-511  ;  mechani- 
cal pattinsonising,  i.  511,  514  ;  com- 
bined with  the  zinc  desilverising 
process,  i.  561  ;  treatment  of  bismuth 
lead  alloy  by,  ii.  352,  368,  872 

Paul's  amalgamators,  i.  801 

Paul  works,  near  Roszdin,  reverberatory 
furnaces  for  burning  calamine  at,  ii. 
27  ;  muffles  for  zinc  distillation  at, 
ii.  133  :  Dagner's  adapters  at,  ii.  136, 
ef  seq.  ;  Siemens  gas  furnaces  at,  ii. 
160,  169  ;  charge  for  distillation,  ii. 
161  ;  Belgo-Silesian  furnaces  at,  ii. 
167  ;  zinc  refining  at,  ii.  182 ;  ex- 
traction of  cadmium  at,  ii.  245 

"  Pauschen,"  or  liquation  of  tin,  ii.  414 

Pavlov's  works,  Barnaul,  production  of 
work-lead  from  silver  ores,  i.  485  ; 
leading  of  silver  n.attes,  i.  486  et  seq. 

Pearce's  turret  furnace,  for  copper  ex- 
traction, i.  72,  75*,  76  ;  for  burning 
calamine,  ii.  29  ;  for  calcining  zinc 
blende,  ii.  50 

Pelican  reduction  works,  the,  George- 
town, barrel  amalgamation  at,  i.  692 

Pellet  furnace,  for  extraction  of  mei-curv. 
ii.  315 

Pelouze,  on  oxidation  of  mercurv,  ii. 
251 

Pennsylvania  Lead  Co.,  composition  of 
refined  market  lead  from  the,  i.  455 

Perc}-,  experiments  on  action  of  silica 
with  cupric  oxide,  i.  8  ;  on  reactioii 
of  cnprous  sulphide  and  lead  oxide, 
i.  10  ;  on  composition  of  sea-sand 
used  as  smelting  bed  at  Swansea,  i. 
131  ;     on     solubility    of    copper    in 
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cuprous  sulphide,  i.  149  ;  on  the  re- 
actions of  lead  sulpliide,  i.  278  ;  on 
English  jjrocess  of  lead  extraction,  i. 
301  «,302)(,  on  Scotch  hearth,  i.  'Ml  ir, 
on  reactions  of  silver  suljihide,  i. 
460 ;  on  production  of  work-lead 
from  silver  ores,  i.  481  n  ;  on  the 
Tintin  process,  i. 614?;,  (jl7»;on  patio 
process,  i.  642  n  ;  on  Patera  process, 
i.  71S  ;  on  gold-parting  by  sulphur, 
i.  S4(5  II  :  on  cementation,  i.  846  n  ;  on 
in([uartation,  i.  S.")l,  853  h  ;  on  gold- 
retining,  i.  854  ;  on  impurities  in 
commercial  zinc,ii.  4 ;  on  chemical 
reactions  of  zinc  oxide,  ii.  7  ii,  8  n  ;  of 
zinc  sulphide,  ii.  9-11  ;  of  zinc 
silicate,  ii.  11  ;  on  muffle  furnaces 
for  zinc  distillation,  ii.  98 

Ferret  copper  furnace,  -see  Ollivier 

Person,  on  tlie  melting  point  of  zinc,  ii. 
2  ;  on  melting  point  of  bismuth,  ii. 
347  ;  on  melting  point  of  tin,  ii. 
375 

Pertoch,  on  elect lolj'sis  of  zinc,  ii.  206 

Peters,  on  normal  heap  roasting  of  copper 
ores,  i.  30-34*  ;  on  Spence  furnaces, 
.  i.  63  n ;  on  fixed  reverberatory  copper 
calcinei's,  i.  71  ;  on  Pearce's  Turret 
Furnace  at  Argo,  i.  75  ;  on  water 
jacket  furnaces,  i.  102  ;  on  consump- 
tion of  wood  in  calcination  of  copper 
matte,  i.  114 ;  on  composition  of 
slags  in  English  process  of  copper 
smelting,  i.  127  ;  on  composition  of 
quartz  used  as  smelter-ljed  in 
Montana,  i.  131  ;  on  pyritic  copper 
smelting,  i.  166 ;  on  treatment  of 
oxidised  ores  in  Arizona,  i.  168  ;  on 
Siemens  copper-refining  gas  furnace, 
i.  185 

Pettenkofer,  on  gold  refining,  i.  854,  862 

Petit,  on  the  specific  heat  of  gold,  i. 
753  ;  on  boiling  point  of  mercurv,  ii. 
250 

Pfleger,  on  electrolj-sis  of  zinc,  ii.  206 

Pfort,  on  extracti(m  of  zinc  oxide  by  sul- 
phuric acid,  i.  560 

Philadelphia  smelting  works,  Colo- 
rado, lead  smelting  process  at,  i. 
412  ;  smelting  lead  carbonate  at,  i. 
414 

Philliyjs,  on  production  of  chloride  of 
copper  in  dry  way,  i.  220 ;  on 
Brunton's  tinstone  calciner.  ii.  386  n  ; 
on  extraction  of  lead  from  crude 
bismuth,  ii.  372 

Ph(vnix  and  Haile  Mines,  N.  Carolina, 
chlorinalion  of  gold  at,  i.  817, 
818 

Phosphorus,  action  on  copper,  i.  5 ; 
action  with  zinc,  ii.  6  ;  comjxmnds 
of  tin  and,  ii.  378  ;  effect  on  nickel, 
ii.  498  ;  as  a  purifier  of  nickel,  ii. 
.595 

Photogiaphy,  cadmium  used  in,  ii.  243 


IMlz  furnaces,  for  smelting  calcined  cop- 
per ores,  i.  98,  99*,  lOU,  119,  123; 
usetl  for  the  residues  in  the 
Tarnowitz  lead-extraction  process,  i. 
306  ;  for  lead  smelting,  dimensions  of 
various  forms  of,  i.  352-355 ;  at 
Freiberg,  i.  362,  363*,  368,  378  ;  for 
smelting  of  lead  matte,  i.  384  ;  used 
at  Alexisbad,  i.  410  ;  for  smelting 
Freiberg  slags,  i.  420  ;  for  smelting 
litharge,  i.  425:  for  smelting  abstrich. 
i.  428,  429 ;  for  refiniiig  lead,  i. 
443-445*,  450  ;  for  roasting  lead  ores, 
at  Schemnitz,  i.  477 

Pimelite.  ii.  509 

Pimple  metal,  composition  of,  i.  148  [sen 
White  metal) 

Pittsburg,  Reduction  Co.,  the,  extraction 
of  aluminium  by,  ii.  653 

Plagionite,  ii.  437 

Planilla,  in  patio  process,  i.  644,  645 

Plate-pewter,  ii.  436 

Platinum,  action  in  electrolysis  of  cop- 
per slimes,  i.  262  ;  efl'ect  on  gold,  i. 
753  :  reduction  of  in  gold-refining,  i. 
854,  857  :  physical  jiroperties,  ii. 
614  ;  chemical  reactions  of  com- 
pounds, ii.  615  ;  ores,  ii.  616,  617  ; 
extraction  in  drj"  waj',  ii.  618-620  ; 
in  wet  ways,  ii.  621-625  ;  by  elec- 
trolysis, ii.    625 

Platillo,  in  patio  process,  i.  635 

Piatt ner,  on  the  roasting  and  carbon-re- 
duction process,  i.  319,  320;  on 
treatment  of  lead  scums,  i.  426  ;  on 
zinc  desilverising  process,  i.  532  ; 
on  hand-pattinsonising,  i.  560  ;  his 
furnace  for  cupellation  of  argenti- 
ferous lead  at  Freiberg,  i.  575,  576*  ; 
on  Ziervogel  process,  i.  742  ;  his  gold 
extraction  pi'ocess,  i.  804-806 ;  on 
cementation,  i.  846  ;  his  furnaces,  for 
extraction  of  bismuth,  ii.  355*  ;  on 
composition  of  hardhead  at  Alten- 
Ijerg,  ii,  408 

Plattner-Ricliter,  on  effect  of  nickel  on 
copper,  i.  4  «  ;  on  ferriferous  copper 
mattes,  i.  118  ;  on  liciuation  furnaces 
for  antimony  reduction,  ii.  442  « 

Plumbiferous  matallurgical  products,  i. 
283  ;  smelting  of,  i.  418-422 

Plymouth  Mine,  California,  chlorination 
of  gold  at,  i.  812 

'Poison-tower'  condensei  for  arsenious 
acid,  ii.  485*,  486 

Poling,  in  cojiper  refining,  i.  189-192 

Poll,  introduction  of  IJustamente  furnace 
into  Idria,  ii.  268 

Pollock's  process  of  gold  cldorination,  i. 
816 

Polvillo,  in  patio  process,  i.  645 

Polybasite,  localities  of,  i.  467,  ii.  437 

Pontifex  and  Wood,  Messrs.,  London, 
antimon}'  reduction  by,  ii.  457 

Pots,  for  lead  refining,  i.  436"   441 
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Pot  fui'iiacow,  reduction  of  antinioiiy  in, 
ii.  4")(i  :  ruHiiing  antimony  in,  ii. 
4(i"2  ;  ])otasli  lye,  a(ti<in  on  zinc, 
ii.   .") 

Potassium,  alloy  of  aluininiuni  and,  ii. 
(581 

Pota.ssiuin  stibnyl  tartrate,  ii.  4.'}.") 

Precipitation  of  copper,  i.  "id"),  "208  ;  of 
copper  sulphate,  i.  2()S  ;  Ijy  sulphur- 
etted hydrogen,  i.  2U9  ;  of  copper 
from  solutions,  i.  240  24(}  ;  from 
cupric  sulphate,  i.  240,  241  ;  from 
co])per  chloride,  i.  241-243,  244- 
240  ;  production  of  silver  by,  1. 
707  ;  of  silver  from  sodium  thiosul- 
l)hate,  i.  730-732  ;  of  gold  from 
chloride  solution,  i.  819-820  ;  in  the 
MacArthur-Forrest  process,  i.  834- 
839 

Press-periode,  .see  Slag  reduction 

Price-Fenwick,  on  extraction  of  tin  l)v 
electrolysis,  ii.  426 

Prill,  particles  of  matte,  i.  88 

Probert,  furnace  designed  1)y,  for  lead 
smelting,  i.  353 

Proustite,  localities  of,  i.  467,  ii.  437 

I'rovidence  Mine,  Nevada  City,  stamp 
mills  at  the,  i.  786  ;  chlorination  of 
gold  at,  i.  812,  815 ;  precipitation 
plant  at,  i.  824*,  825"- 

Providence  Works,  California,  calcina- 
tion of  gold  ore  at,  i.  809 

Przibram  furnaces,  i.  368,  369*,  370" 
for  refining  lead,   i.   443",  444"  ;    older 
forms  of,  i.  446,  447",  450 

Puddling  tub  for  gold-washing,  used  in 
Australia,  i.  762 

Pueblo  Smelting  and  Refining  Co., 
Colorado,  leading  of  silver  mattes  in 
works  of,  i.  488 

Pufahl,  on  composition  of  nickel  smelted 
at  Altona,  ii.  594 

"  Purple  ore,"  i.  240 

Purpureo-cobaltous  chloride,  ii.  598 

Pyrargyrite,  localities  of,  i.  466 

Pyrites  burners,  for  calcination  of  copper 
ores,  i.  45-49  ;  used  at  Oker,  i.  46*, 
47*,  49 ;  English,  after  Limge,  i.  47, 
48*,  49*  ;  for  roasting  lead  ores,  i. 
328  ;  reduction  of,  in  calcination  of 
zinc  blende,  ii.  35  ;  for  calcining  zinc 
blende,  ii.  40,  41 

Pyromorphite,  composition  and  localities 
of,  i.  283 

Pvrostilbite,  ii.  437 


Q 


Juartz,  reduction  of,  in  smelting  cal- 
cined copper  ores,  i.  88 ;  P^nglish 
process  best  for  smelting  quartzose 
ores,  i.  89  ;  used  as  smelter-bed  in 
Montana,  i.  131  ;  reduction  of,  in 
smelting  lead  ores,  i.  344  ;  reduction 


of,  in  calcination  (jf  zinc  blende,  ii. 
36 ;  in  zinc  distillation,  ii.  87  ; 
mixed  with  cla\'  for  distillation- 
vessels,  ii.  92 

<i)ueen's  metal,  ii.  436,  50() 

<t)uesneville,  on  purification  of  l>isnnith 
from  arsenic,  ii.  370 

"  Quickmills,"  i.  790  (.s<;e  Hungarian 
mills) 

(^)uicksilver,  sre  Mercury 


R 


Rabble-furnaces,  for  antimony  extraction, 

ii.  447 
Rabbling,  in  lead  extraction,  i.  292,  303 
Rattinad,  or  refined  copjier,  i.  171 
Rammelsberg,  on  cuprous  oxide  in  copper, 

i.  2  ;  on  silver  extraction  process  at 

Oker     and     Altenau,     i.     604  :     on 

Krohnke  process,    i.   621  ;  on   patio 

process,  i.   637  ;  on  specific  gravitj' 

of   zinc,    ii.   1  ;   of   tin,  ii.   375 ;    of 

cobalt,  ii.  597 
Ramsay,  on  the  Jumbo  furnace,  i.  315/;  ; 

on  Bartlett  process,  ii.  236  ti 
Randall,  on  output  of  Californian  cinna- 
bar deposits,  ii.  258 
Rando  &   Co.,  method   of   extraction  of 

arsenical  i^roducts  from  residues  of 

coal-tar  colours,  ii.  495 
Randolph,      electroh-tical      method      of 

copper  extraction,  i.  269,  271,  272 
Rapid  Cit\%  Dakota,   extraction  of  gold 

by  bromine,  i.  827 
Raschette     fumaceS,    i.     92,     104*  ;    at 

Altenau,  i.  352  355,  370,  375*,  390  ; 

used  at  Clausthal  and  Lautenthal,  i. 

398,   399,   400*,    401*  ;    for  smelting 

silver  ores,  at  Altenau,  i.  479 
Rath,     on     composition    of     slag    from 

American    lead    smelting  works,   i. 

346 
Rattlesnake  Mine,  the,  California,  native 

mercury  in,  ii.  255 
Rauschgelb,  .see  Orpiment 
Rauschroth,  see  Realgar 
Ravenswood  Works,    Queensland,   Mac- 

Arthur-Forrest  gold  extraction  pro- 
cess at,  i.  840 
Raymond,     on     extraction     of     tin    liy 

electrolysis,  ii.  427 
Realgar,  ii.  476  ;  production  of,  ii.   491- 

493;   production  of    "  rohglas,"'   ii. 

492  ;  refining  of  "rohglas,"  ii.  493 
Reaumur,  on  crystallisation  of  gold,   i. 

752 
Recha's  nozzle,  ii.  140* 
Rectangular    furnaces,    i.    352-355     {■•<c.e 

American  furnaces) 
Red-shortness   in   copper,  causes    of,     i. 

2-6 
Red  slag  metal,  i.  150 
Reef  gold,  i.  756 
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Reese  River  process  of  silver  extraction, 
i.  am  rf  seq. 

Refractory  materials,  i.  23 

Regnault,  on  specific  heat  of  silver,  i. 
456  ;  of  gold,  i.  753  ;  of  zinc,  ii.  2  ; 
on  specific  gravity  of  n.ercury,  ii. 
2o0  ;  on  boiling  point  of  mercury, 
ii.  250 ;  on  chemical  reactions  of 
mercuric  sulphide,  ii.  253  ;  on  speci- 
fic heat  of  bismuth,  ii.  347  ;  of  tin. 
ii.  375  ;  of  antimonj-,  ii.  431  ;  of 
cobalt,  ii.  597 

"  Reicher  Erzgries,"  ii.  33(> 

Reineck"en-Ponsgen  and  Kop]),  on  treat- 
ment of  tin  cuttings,  ii.  423 

Retorts,  for  treatment  of  gold  amalgam, 
i.  802,  803*  ;  for  znic  distillation, 
fire-pi-oof  clay  for,  ii.  91-93,  98 ; 
compared  with  muffles,  for  zinc  dis- 
tillation, ii.  103-105  ;  manufacture 
of,  ii.  105-110  ;  losses  in  treating 
zinc  in,  ii.  170-173  ;  cost  of  distilla- 
tion in,  ii.  171 

Retort  furnaces,  extraction  of  mercury 
in,  ii.  321-322  ;  for  production  of 
"  rohglas,"  ii.  492 

Reverberatory  furnaces,  i.  19-24  ;  for 
calcination  of  copper  ores,  i.  28,  67- 
83  ;  various  kinds,  i.  67,  68  ;  fixed 
hearths  worked  by  hand,  i.  68,  69*- 
71*,  72  ;  observations  on,  by  Peters, 
Talbot,  and  Ames,  i.  71  ;  fixed 
hearths  worked  by  macliinery,  i. 
72-80  ;  movable  hearths,  i.  80-83  ; 
for  smelting  of  quartzose  ores,  i.  89  ; 
calcination  of  copper  matte  in,  i. 
113,  IHi  ;  smelting  calcined  copper 
ore  for  coarse  metal  in,  i.  129-139  ; 
English,  i.  128,  132,  138  ;  Welsh, 
i.  128,  132*,  133*,  138  ;  American, 
133, 134*-137*  ;  smelting  white  metal 
for  coarse  copper,  i.  143-146  ;  re- 
fining coarse  copper  in,  i.  175-180  ; 
for  calcination  of  copper  pyrites 
to  sulphate,  i.  213-215 ;  employed 
in  formation  of  cldoride  of  copper 
by  Dotsch  process,  i.  218  ;  bj-  dry 
method,  i.  223*,  224* 
air  reduction  of  lead  ores  in,  i.  288 
290  ;  for  preparatory  roasting  of  lead 
ores,  i.  323,  329  339  ;  with  movable 
iiearths,  i.  338,  339  ;  lefining  of  lead 
in,  i.  443  453 
for  Inirning  calamine,  ii.  25-32  ;  fixed 
ie\erberatorv  furnaces,  woi-ked  by 
hand,  ii.  25-28*  ;  fired  by  gas,  29*"; 
\\()ikc(l  mechanically,  ii.  29  ;  M'ith 
movable  iieartiis,  ii.  29  ;  with  moy- 
able  chamliers,  ii.  30  ;  heated  by 
waste  heat  from  reduction  process, 
ii.  31,  32  ;  calcination  of  zinc  blende 
in,  ii.  41-52  ;  in  fixed  reverberatorj'' 
furnaces,  ii.  42,  43  ;  in  independent 
furnaces  worked  by  lumd,  ii.  43  48  ; 
heated  by  Maste   heat  of  reduction 


process,  ii.  48  ;  calcination  in  fixed 
reverbei-atorj-  finnaces  worked  bj- 
machinery,  ii.  48-50  ;  calcination  in 
furnaces   Mitli   movable   heartlis,   ii. 

50,  51  ;  with  movaljle  chambers,  ii. 

51,  52 ;  neutralisation  of  sulphur 
acids  evolved  bj'  calcination  in,  ii. 
52-59  ;  calcination  in  combined 
muffle  and,  ii.  59-63  ;  proposals  for 
improvements  in,  ii.  191-193 

for  extraction  of  mercury,  ii.  309-314 ; 
Alberti  furnace,  ii.  310,  311  ;  iron 
clad  furnaces,  ii.  311-314  ;  for  calci- 
nation of  tin- stone,  ii.  384-390;  for 
smelting  tin-stone,  ii,  394-400  ;  for 
liquation  of  antimony  glance,  ii. 
443,  451  ;  for  refining  antimony,  ii. 
463  ;  for  refining  coarse  nickel  matte, 
ii.  531  ;  smelting  roasted  matte  in, 
ii.  536,  537  :  oxidation  of  coarse 
matte  in,  ii.  537  ;  refining  matte  in, 
ii.  541,  542;  for  roasting  arsenical 
ores,  ii.  559,  564*,  566 

Rewdanskite,  ii.  509 

Rhenania  Company,  the,  of  Stolberg, 
muffle  furnaces  used  by,  i.  84  ;  neu- 
tralisation of  sulphur  acids  from 
calcination  of  zinc  blende,  ii.  54 ; 
Hasenclever  furnaces  at,  ii.  69,  70, 
73  ;  manufacture  of  sulphuric  anhy- 
dride at,  ii.  75 

Rliodium,  ii.  616 

Rhodonite,  zinc-white  produced  from,  i. 
226 

Richards,  on  refining  zinc,  ii.  181 

Richardson,  his  method  of  nickel  extrac- 
tion, ii.  575 

Richter,  on  hand-pattinsonising,  i.  508 

Richter  and  Hiibner,  on  the  Krohnke 
process,  i.  623 

Ricketts,  his  method  of  nickel  extrac- 
tion, ii.  575 

Riemsdijck,  on  melting  point  of  silver,  i. 
456  ;  on  melting  point  of  gold,  i. 
752  ;  on  melting  point  of  bismuth, 
ii.  347 

Rinmaim's  green,  ii.  600  (.sr-e  Zinc 
green) 

Rivot,  on  smelting  of  litliarge,  i.  424 

Roasting  and  reduction  process  for  ex- 
traction of  lead,  i.  319-394  ;  efi"ect 
of  foreign  substances,  i.  320-321 
roasting  ores,  i.  322-339  ;  pi-eparatorj'- 
roasting,  i.  323-324  ;  heap  roasting, 
i.  324-326*,  328  ;  roasting  in  shaft 
furnaces,  i.  328,  329  ;  in  reverl)er- 
atory  furnaces,  i.  329  339  ;  smelting 
roasted  ores  in  shaft  furTiaces,  i. 
339-377  ;  process  of  smelting,  i.  377- 
382 ;  treatment  of  lead  matte,  i. 
383-385  ;  smelting  at  Lanuelsheim 
and  (loslar,  i.  385,  38(>  ;  at  Freiberg,, 
i.  386  389;  at  Mccheri.ich,  i.  390; 
at  Altenau,  i.  390,  391  ;  at  Trzibram, 
i.  391,  3!»2:  at  Denver,  i.   392,  393  ; 
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ill  Si)iiin,  i.  394  ;  coinbiiieil  with  iron 
reduction  jjroccss,  i.  400-412 
llol)t'rts,  on   specific-'  gva\'il v  ot' liisiiiiilli, 

ii.  ;U7 
lvo))erts-Aiisten,  iiitroduelion  of  Miller's 
gold-pailing  process  into  the  London 
mint  l)y,  i.   S47  ;   on  alloys  of   gold 
and  aliuniniuni,  ii.  (i.S.'i 
T-voliinson    null,    1'ransvaal,    gol<l    stamp 
mills   at   the,    i.    798  ;    MacArtliur- 
Forrest  gold  extraction  process  at, 
i.  833,  83G 
Rochaz,  proposal    for    improvements    in 

zinc  extraction,  ii.  18,") 
Rodwell,    on    impurities    in    conuueicial 

zinc,  ii.  4 
Riising,  on  compositicm  of  refined  Harz 
lead,  i.  442  ;  on  liquation  of  zinc 
scums  at  Altenau  and  Lautentlial,  i. 
537  ;  on  distillation  of  zinc  scums,  i. 
548  ;  (m  oxidation  of  zinc  scums,  i. 
551  ;  on  Englisli  furnace  for  cupella- 
tion  of  argentiferous  lead,  i.  591  ;  on 
electrolysis  of  zinc,  ii.  221 
Riising's  lead  pump,  used  in  refining  ])ro- 

cess,  i.  437,  453,  454 
Roessler,  on  production  of  a  zinc-siher 
alloy  from  work -lead,  i.  5()1  ;  })ro- 
ces.s  for  refining  Ijlicksillier,  i.  599- 
601  ;  on  solul)ilily  of  gold  in  potas- 
sium cyanide,  i.  829,  838  ;  on  gold 
parting  by  sulphur,  i.  846  ;  on  goM 
refining,  i.  854  et  seq.  ;  on  parting 
by  electrolysis,  i.  875 ;  on  impuri- 
ties in  commercial  zinc,  ii.  3 ;  on 
treatment  of  copper  with  zinc  calci- 
nation products,  ii.  83,  84  ;  on  re- 
fining of  zint',  ii.  178  ;  on  platinum 
in  Idicksilber,  ii.  618 
R(istreactionsarbeit,     sef-.    Air -reduction 

process 
Rostreductionsarbeit,    sy-c   Carbon-reduc- 
tion process 
Riiszner,  on  Augustin  process,  i.  709 
Roger,    on    gold-parting  by    sulphur,  i. 

845 
"  Rohglas,"  production  of,  ii.    492;    re- 
fining of,  ii.  493 
Rohstein,  i.  123 

Root's  blower,   i.   93 ;  used  in  European 
lead   furnaces,    i.    362  ;    used    with 
Knox  furnaces,  ii.  292 
Rose,  (4.,  on  specific  gravity  of  silver,  i. 
456  ;  on  specific  gravity  of  gold,  i. 
752 
Rose,   H. ,  on   action   of    hydrogen   and 
ciiprous  sulphide,  i.  11  ;  on  chemical 
reactions  of  silver  oxide,  i.  457  ;  on 
cementation,    i.    846 ;    on  alloys  of 
bismuth,  ii.   351  ;  on  crystallisation 
of  aluminium,  ii.  626 ;  on  oxidation 
of  aluminium,  ii.  628 
Rose's  metal,   effect   of  cadmium  on,    ii. 

241 
Roseocobaltous  chloride,  ii.  598 
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Ross  and  Welter  furnace,   for  calcining 

zinc  blende,  ii.  48,  49 
Rossie  furnace,  i.  311,  313,  314* 
Rotating  cvlinders  foi-  roasting  lead  ores, 

i.  338,"339 
Rothglas  manufacture,  i.  387 
T'othgiiltigerz,  dunkles,  sec  Pyrargj'rite  ; 

jiciites,   nM  Proustite  ;  scliwarz,  ftej- 

Stei)lianite 
Rotlischild's    works,     Havre,     Cordurii' 

pi'ocess  at,  i.  550 
Rousseau,  method  of  nickel  extraction, 

ii.  577 
Rozan  process  of  silver  extraction,  i.  514— 

519 
Ruby,  formed  from  corundum,  ii.  634 
Rul)y  glass,  gold  in,  i.  752 
Ruby  sulphur,  sae  Realgar 
Rudberg,   on  the  melting  point  of  cad- 
mium,  ii.   241  ;  of  bismuth,  ii.  347  ; 

of  tin,  ii.  375 
Riihrperiode,  .see  Rabbling 
Ruolz,  on  nickel-refining,  ii.  595 
Ruprecht,  on  the  Barrel  amalgamation 

process,  i.  689 
Russell,    on   reaction  of   sodium  copper 

thiosulphate  with  silver  sulphide,  i. 

459 ;  with  silver  chloride,  i.  462 ;  with 

silver  arseniate  and  antimoniate,  i. 

463  ;  on  action  of  sodic  hyposulphite 

on  gold,  i.  754  ;  on  lixiviation  of  silver 

with  sodium  thiosulphate,  i.  728  ;  his 

process    of    silver    piecipitation,    i. 

733-739 
Russian    Copper  Co.,  the,  in  the  Urals, 

electrolytical     method     of     copper 

extraction,  i.  260 
Ruthenium,  ii.  616 


S 


.Sack,  method  of  col)alt  extraction,  ii.  607 

8aeger,  on  Stempelmann's  adapter  modi- 
fication, ii.  138??;  on  Mielchen's 
nozzle,  ii.  141  n 

Saigerdorner,  treatment  of,  i.  430 

Saigerheerd,  for  liquation  process  and  for 
desilverising  silver  copper  allovs.  i. 
498,499* 

Sailor's  Union  Mine,  California,  hydrau- 
lic mining  at,  i.  769 

St.  Clair-Deville,  on  chemical  reactions 
of  silver  oxide,  i.  457 

St.  Louis  Smelting  and  Refining  Co.'s 
works,  Cheltenham,  zinc  desilveris- 
ing process  at,  i.  533 ;  gold-parting  by 
electrolj'sis  by,  i.  874 

Salamander,  see  Bear 

Salt,  action  on  cuprous  sulphide,  i.  10  ; 
used  in  formation  of  chloride  of 
copper,  i.  216,  218,  220  et  seq.  ;  gold- 
parting  by,  i.  846 

Sand,  used  at  Swansea  for  bed  of  smelter, 
composition  of.  i.  131 
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iSandarach,  see  Realgar 

Sand-ore  from  Sangerhaiisen,  i.  142 

San  Francisco  Assaying  and  Retining 
Works,  the,  gold  refining  at,  i.  86.1, 
871  et  net]. 

Sapphire,  formo<l  from  (•oriiTnliun,  ii. 
634 

Saxon  cobalt  works,  the,  speiss  from 
lead  smelting  sold  to,  i.  !^89 

Scliafrner,  his  im])roved  Maletrafuinace. 
i.  59*-61"  ;  experiments  for  solution 
of  copper  by  ferrous  chloride,  i.  202  ; 
on  production  of  chloride  of  copper 
in  (hy  ^\"ay,  i.  220 

Scheelite,  in  tin  ore,  ii.  382 

Scheerer,  see  Marchand 

Scheidel,  on  the  MacArthur-Forrest 
gold  extraction  process,  i.  828,  836  n, 
837 

Schertel,  on  fuel  for  lead  smelting,  i. 
348  ;  on  composition  of  Freiberg  lead 
before  and  after  desilverisation,  i. 
444,  445  ;  on  melting  point  of  nickel, 
ii.  497 

Scheurer-Kestner,  on  preparation  of 
sodiiim  stannate,  ii.  424 

Schlackenrostung,  i.  322,  323,  330,  338 

Schlapp,  on  calcining  zinc  blende,  ii.  33 

Schlicker,  i.  422,  423,  429 

Scidiiter,  on  (4 ass  and  FIuss  method  of 
gold  parting,  i.  843 

Schmelzer,  proposal  for  improvement  in 
/.inc  extraction,  ii.  185 

V.  Schmidt,  M.,  on  treatment  of  mer- 
curial soot,  ii.  335 

Sclniabel,  on  electrolytic  methoils  of 
copper  extraction,  i.  249  n  ;  on  col- 
lecting fume  and  dust  in  the  air  re- 
duction pioccss  of  lead  extraction,  i. 
2SS  )i,  421  ;  on  lower  sulpliide  of  iron 
anil  lead,  i.  403  ;  on  leading  silver 
matte,  i.  492  ;/.  ;  on  cupellation  of 
argentiferous  lead,  i.  568  ii  ;  on 
neutralisation  of  sulpliur  acids  from 
(calcination  of  >.iiic  })lende,  ii.  .59  ;  on 
arsenical  alloj's,  ii.  475  v;  ;  on  com- 
])osition  of  nickel  mattes,  ii.  596  n 
et  aeq.  ;  on  roasting  coarse  matte,  ii. 
533  n  ;  on  smelting  roasted  matte, 
ii.  534  n  <-t  seq.  ;  on  production  of 
copp(!i'-nickcl  alloys,  ii.  545  Jt  et  seq. 

Scluie(k;rmann,  on  smelting  of  lead  sul- 
pliate,  i.  418 

Schneider,  on  composition  of  slag  from 
American  lead  smelting  ^^■ol■ks,  i. 
34(i  ;  his  mctliod  of  j)uiification  of 
bisnnitii,  ii.  372  ;  on  comjMJsitions  of 
connnercial  bisnniths,  ii.  373 ;  on 
extraction  of  ])latinum,  ii.  622 

Schriitzer,  on  aiuniiMJum  at  Feistrit/.,  ii. 
6.34 

Sclioneis,  mi-tliiMl  ot  (•()l)alt  extraction,  ii. 
607// 

Sclniider,  on  speijlii:  gra\i1y  of  anti- 
UKJuy,  ii.  4.30 


SchWider  and  Hiinisch,  on  manufacture  of 
sulpliur  dioxide  from  calcinatiim  ])ro- 
ducts  of  zinc  l)iciidi',  ii.  7<'),  77",  82, 
83 

Schiittofen,  see  Dust  furnace 

Schulze,  on  cliemical  reactions  of  zinc 
oxide,  ii.  8 

Scluiltze,  on  tix'atment  f)f  tin-cuttings,  ii. 
422 

Schwarz,  on  treatment  of  zinc  fume,  ii. 
184// 

Scliwarzldeierz,  .see  black  lead  ore,  under 
Lead 

Sciiwarzmann's  friction  rolls,  for  crush- 
ing zinc  ores,  ii.  21 

ScliMeder,  on  composition  of  nickel 
mattes,  ii.  525)/,  526  »* ;  of  slags,  ii. 
526,  527  ef  seq.  ;  on  smelting  roasted 
matte,  ii.  534  n  ;  on  refining  matte,  ii. 
541  ;  on  production  of  copper-nickel 
alloys,  ii.  546 

Scorification,  in  copper  refining,  i.  188, 
189 

Scotcli  hearth,  used  in  air  reduction 
process  of  lead  extraction,!.  311,312*, 
313*,  316 

Scott  furnaces,  see  Hiittner  and  Scott 

Scums  from  lead  in  cupellation  smelting 
process,  treatment  of,  i.  426,  430  (-see 
Skunmas) 

Sebillot,  method  of  nickel  extraction,  ii. 
•577 

Sefstrom  furnaces,  used  in  extraction  of 
nickel  from  slags,  ii.  587  ;  for  nickel 
refining,  ii.  593 

Seleno-tellui'ide  of  Ijismuth,  ii.  352 

Senarmonite.  ii.  437 

Sesia  works,  Varallo,  stall-roasting  of 
nickel  ores  at,  ii.  518,  520  ;  smelting 
nickel  ores,  ii.  525 ;  separation  of 
cobalt  and  nickel  at,  ii.  ($02 

Shaft  furnaces,  for  calcination  of  copper 
ores,  i.  27,  44-49  ;  advantages,  i.  44  ; 
calcination  of  lump  ores  in,  i.  45-49  ; 
kilns  and  pyrites  burners,  i.  45,  46  ; 
])yrites  ))urners,  i.  45-49  ;  kilns,  i. 
49  52  ;  roast  iiig  (jre-fines  in,  i.  52-59  ; 
smelting  calcined  ores  for  matte,  i. 
86-112;  imjjrovcments  in,  i.  90; 
shapes  of,  i.  91.  92;  various  forms 
of,  i.  92,  93  ;  dispositi(m  of  tuyeres 
in,  i.  93 ;  for  smelting  of  calcined 
copper  ores  (continued),  blast  appa- 
latus  in,  i.  93  ;  types  of,  i.  93,  94  ; 
forehearths  in,  i.  93  95;  ariangement 
of  fuel  used  in,  i.  95  ;  older  furnaces, 
i.  96-98  ;  modern  furnaces,  i.  98  1(19  ; 
process  of  smelting  in,  i.  109,  110; 
calcination  of  copper  matte  in,  i. 
11.3,  115 
for  roasting  lead  ores,  i.  324,  328,  329  ; 
for  smelting calciiu'd  lead  oies,  i.  .339 
394  ;  diaught  fiunaces,  i.  348  .351  ; 
bhist  fui'iKices,  i.  .'^51  355;  construc- 
tion (if  tlie  furnace,  i.  355  .3()2  :  older 
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foniis  of  furnace,  i.  3(»2  .S()7  ;  recent 
fiii'iiaccs,  i.  .'i(KS  '.ill  ;  furnaces  in 
various  localities,  i.  oS.l-^iM  ;  for 
roasting  lead  matte,  i.  -lU")  tt  wy/. 
for  Ijurning  calamine,  ii.  '22,  '2lV  2~)  ; 
grate-iii-c<l  siiaft-furnaces,  ii.  'J.'i,  2-V', 
2~i  ;  for  calcining  zinc  lilcndc,  ii.  ',V.i 
41  ;  pro])OKals  for  improvements  in, 
ii.  185  ]!)1 
extraction  of  mercur\'  in,  ii.  2()7- 
3U9 ;  in  externally  liicd  furnaces, 
ii.  2()7  ;  in  internally  tirt'd  shaft 
furnaces,  ii.  2()S  27t) ;  in  exter- 
nally fired  furnaces,  ii.  277,  27<S ; 
in  fiunaces  tired  continuously,  ii. 
278  ;  furnaces  for  luin])  ores,  ii.  27!^- 
2!)3  ;  for  ore  fines,  ii.  298  80!) ;  in 
.shaft  fiunaces  proper,  ii.  .'31.")  821 
for  smelting  tin  ore,  ii.  4U0-41U  ;  for 
reduction  of  antimony,  ii.  451,  4.j4  ; 
for  roasting  nickel  ores,  ii.  318, 
o2U  ;  for  smelting  nickel  ores,  ii.  522, 
ef  seq.  ;  for  refining  coarse  matte,  ii. 
532  ;  for  roasting  arsenical  ores,  ii. 
559 
circular,  for  smelting  calcined  copper 
ores,  tliameters  of,  i.  91,  92;  pressure 
of,  i.  91  ;  improvements  in,  i.  92,  98  ; 
blast  apparatus  in,  i.  98  ;  types  of,  i. 
93-95  ;  iiuodern  furnaces,  i.  98-1U8*  ; 
Pilz  furnaces,  98*,  99"''  ;  Mansfeld 
furnaces,  i.  lOU*,  101* 
oval,  for  smelting  calcined  copper  ores, 

i.  92,  98,  1U7*-1U9  ■ 
rectangular,  for  smelting  calcined  cop- 
per ores,  i.  92,  104' -1U7 
round,  set  circular 

Shear,  proposal  for  improvements  in  zinc- 
extraction,  ii.  185  ;  on  extraction  of 
tin  by  electrolysis,  ii.  425 

iSheffield's  firebridge,  used  in  English 
caleiner,  i.  128  ;  in  Welsh  furnace,  i. 
144,  145" 

Shelf  furnaces,  for  calcination  of  co])per 
ores,  i.  62-64*  ;  disposition  of  the 
ores,  i.  52 

Siberian  furnaces,  for  smelting  calcined 
copper  ores,  i.  98,  195 

Siberian  reduction  hearth,  for  treatment 
of  litharge,  i.  424 

Sidcrite,  reduction  of,  in  calciuatiou  of 
zinc  blende,  ii.  36 

Siemens,  on  volatility  of  copper,  i.  2  ;  on 
electro-metallurgical  methods  of 
copper  extraction,  i.  16,  249-256 ; 
his  copper  refining  gas  furnace,  i. 
185  ;  his  principles  of  gas  tiring,  zinc 
distillation  furnaces  Hredby-,  ii.  117- 
123,  124,  15U,  157*,  158,  165;  his 
electric  furnace  for  extraction  of 
platinum,  ii.  620 

Siemens  and  Halske  process  of  electro- 
metallurgical  copper  extraction,  i. 
249-256,  258,  260 ;  etticiency  of 
machines  at  Oker,   i.  265  ;  arrange- 


ment of  batlis  in,  i.  265,  266*,  267*  ; 
electrolytic  precipitation  machines, 
i.  839  ;  on  electrolysis  of  zinc,  ii. 
203,  204,  212  t-I  seq.  ;  electrolytic 
method  of  antimony  extraction,  ii. 
470 ;  on  electrolytic  extraction  of 
arsenic,  ii.  479 

Siemens-Martin  fuinace,  for  extraction 
of  nickel  from  garnierite,  ii.  555 

Sierra  Buttes  mine,  Sierra  Co.,  stamp 
mills  at  the,  i.  787  ;  chlorination  of 
gold  ore  at,  i.  812,  815 

Sieveking,  on  extraction  of  mercury  in 
wet  vvay%  ii.  343 

Silesian  furnaces  for  burning  calamine, 
ii.  31,  32  ;  for  zinc  distillation,  ii. 
94,  96-98,  105  ;  gas  fired,  ii.  120  ; 
adapters  for,  ii.  133  et  ■■icq.  ;  for  zinc- 
distillation  in  muffles,  ii.  143-145*  ; 
old  Silesian,  ii.  164 

Silesian  process  of  zinc-distillation,  ii. 
130-173  [see  imder  Zinc)  ;  of  lead 
extraction,  .see  Tarnowitz  process 

Silesia  works,  at  Lipiue,  Hasenclever 
furnaces  for  calcining  zinc  blende 
used  at,  ii.  70 ;  sulphur  dioxide 
manufactured  at,  ii.  76,  77*-80*,  81  ; 
Belgo-Silesian  furnaces  at,  ii.  165, 
166  ;  number  of  muffles  l)roken  at, 
ii.  172  ;  treatment  of  zinc  fumes  at, 
ii.  176,  183,  184;  electrolysis  of  zinc 
ores  at,  ii.  212  ;  eomjjosition  of  flue- 
dust,  containing  cadmium  from  zinc- 
calcination,  ii.  247 

Silica,  proportions  of,  in  slag  from 
smelting  lead  ores,  i.  346  ;  action  in 
iron-reduction  process  of  lead  ex- 
ti-action,  i.  396 ;  action  with  zinc 
oxide,  ii.  8  ;  reduction  of,  in  zinc 
distillation,  ii.  87 

Silicates,  reduction  of  in  smelting  cal- 
cined copper  ores,  i.  88,  89 ;  pro- 
portions of,  in  slags  from  Oker, 
Mansfeld,  Roros,  Fahlun,  and 
Altenau,  i.  90 

Silicon,  action  on  copper,  i.  45  ;  on 
cuprous  oxide,  i.  7  ;  on  cupric  oxide, 
i.  8  ;  on  cuprous  sulphide,  i.  10  ;  re- 
duction in  smelting  of  calcined  cop- 
laer  ores,  i.  88-91  ;  effect  on  nickel,  ii. 
498  ;  action  with  platinum,  ii.  615  ; 
effect  on  aluminium,  ii.  627,  631 

Silliman,  on  Patio  process,  i.  646 

Silver,  extraction  from  copper,  i.  16,  23, 
24  ;  at  Wallaioo,  i.  152,  153 
calcined  in  Stetefeldt's  furnace,  i.  72  ; 
furnaces  used  for  calcination  of, 
suitable  for  cojjper,  i.  81  ;  reduc- 
tion of  in  smelting  calcined  copper 
ores,  i.  87  ;  silver  in  "  diinn.stein,"  i. 
118;  in  copper  "bottoms,"  i.  148; 
Ziervogel  process  of  desilverisation 
of  copper  ores,  in  use  at  Wallaroo,  i. 
153  ;  desilverisation  of  kupferschie- 
fer,  i.  154,  155  ;  precipitation  of,  by 
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copper,  i.  206,  242  ;  process  for  ex- 
tracting silver  from  copper,  i.  248  ; 
by  electrolysis,  i.  257,  2G2 

in  lead  ores,  i.  281  283,  285,  288; 
reduction  in  smelting  lead  ores,  i. 
343  ;  contained  in  lead  slag,  i.  348  ; 
at  the  Omaha  and  (hant  .Smelting 
works  at  Denver,  i.  380  ;  obtained 
from  blast  furnace  process,  i.  381, 
382 ;  in  various  lead  ores,  i.  386- 
394  ;  action  in  iron-reduction  process 
of  lead  extraction,  i.  395  ;  concentra- 
tion of,  in  work-lead,  i.  422  ;  elimina- 
tion of,  in  refining  of  lead,  i.  432  tt  neq. 
(see  under  Lead,  Work-) 

physical  properties,  i.  456  ;  chemical 
properties,  i.  457  ;  chemical  reactions 
of  compounds,  i.  457-463  ;  alloj's, 
i.  463-465  ;  ores,  i.  465-468  ;  methods 
of  extraction  from  oi'es,  i.  468-470 

EXTEACTIOX  BY  DRY  METHODS,  i.  470- 

601  ;  production  of  work-lead  from 
silver  ores,  i.  471-485  ;  from  metallur- 
gical bye-products,  i.  485-502 

concentration  of,  in  work-lead,  i. 
502  ci  seq.  ;  the  Pattinson  process, 
i.  503-505  ;  hand-Pattinson  process, 
i.  505-511  ;  mechanical-l'attinson 
process,  i.  511-514;  the  Rozan 
process,  i.  514-519 

desilvering  by  means  of  zinc,  i.  519- 
522  ;  production  of  silver-lead-zinc 
alloy,  i.  522  e/.  stq.  ;  desilverising 
process,  i.  528-533  ;  liquation  of  zinc 
scums,  i.  533-538 ;  treatment  of  de- 
silverised  lead,  i.  538-539 ;  pro- 
duction of  rich  lead  from  zinc  alloj', 
i.  539  cf  aeq.  ;  distillation  of  zinc 
scums,  i.  540-548  ;  smelting  rich 
scums,  i.  548,  549 ;  cupellation  of 
rich  scums,  i.  549 ;  melting  zinc 
scums  with  alkaline  chlorides,  i. 
549  ;  oxidation  of  zinc  by  steam,  i. 
550-552  ;  lixiviatiou  of  zinc  oxides, 
i.  552,  553  ;  extraction  of  zinc  oxide, 
i.  553-561  ;  combined  Pattinson  and 
zinc  desilverising  processes,  i.  561  ; 
production  of  zinc-silver  alloy  from 
work-lead,  i.  561-566 ;  cu])ellation 
of  argentiferous  lead,  i.  566-596  ; 
refining  of  blicksilber,  i.  596-599 ; 
refining  in  crucibles,  i.  599-601 

KXTKACTIOX  BY  A  COMBINATION  OK 
DKV  AND  WKT  BKOCESSES,   i.  601-749  ; 

conversion  of  silver  into  silver-lead 
alloy,  i.  601-611 

processes  in  which  silver  is  not  dis- 
solved, i.  602,  603  ;  extraction  of 
silver  from  argentiferous  ])lack 
cf)))])cr  by  sul))lnirica(id,  i.  603  608  ; 
from  argentiferous  copijcr  matte  by 
suli)hurie  acid,  i.  6(18  610 

processes  in  which  the  silver  is  dis- 
solved, i.  610  ;  extraction  of  silver 
by  amalgamation  process,   i.    611   <-/ 


seq.  ;  the  Cazo  process,  i.  618-620  ; 
the  Krohnke  process,  i.  620-625 ; 
the  Patio  process,  i.  625-647  ;  the 
Washoe  process,  i.  647-673 ;  modifi- 
cations of  the  Washoe  jirocess,  i. 
673  tf  seq.  ;  the  combination  process, 
i.  674 ;  the  Boss  process,  i.  674-677 
amalgamation  with  reagents  preceded 
by  a  chloridising  roasting,  i.  677- 
702 ;  amalgamation  with  a  soluble 
salt  of  mercury,  i.  702,  703  ;  recovery 
of  silver  from  silver  amalgam,  i. 
703-707 ;  i)roduction  of  silver  by 
])recipitation,  i.  707 ;  processes  in 
which  silver  is  obtained  as  chloride, 
i.  707-708;  Augustin  process,  i. 
708-718  ;  patera  process,  i.  718-723  ; 
extraction  of  soluble  compounds  of 
base  metals  by  means  of  water, 
i.  723-727  ;  lixiviation  with  sodium 
thiosulphate,  i.  727-729  ;  precipita- 
tion of  silver  from  thiosulj)hate 
liquors,  i.  730-732  ;  treatment  of 
the  precipitated  silver  sulphide,  i. 
732 ;  Kiss  jjrocess,  i.  732,  733  ; 
Russell  process,  i.  733-734 ;  pro- 
duction of  silver  from  roasted  copper 
ores,  i.  739-740  ;  Ziervogel  process, 
i.  740-749 

EXTRACTION    BY    EEECTKO- METALLURGI- 
CAL METHODS,  i.  749-751 
effect  on  gold,  i.  755 ;  reduction  of  in 
gold  i-efining,  i.  854,  858  ;  extraction 
of  from  silver  sulphate  solution,  i. 
866-873;  treatment  of  in  gold-parting 
by  electrolj'sis,  i.  875 
alloy  of  zinc  and,  ii.  12 ;  reduction  of 
in  zinc   distillation,    ii.    88 ;  electro- 
lysis of  zinc-silver  alloj's,  ii.  222 
extraction  of  bismuth  from  skinnnings 
at    Frankfort,    ii.     364  ;     in    crude 
bismuth,  ii.  369,  372  ;  alloys  of  anti- 
mony and,  ii.  436,  437  ;  etfect  of  alu- 
minium on,  ii.  627,  633 

Silver-l)isnnit]i  glance,  ii.  352  ;  bi'omide, 
i.  4t)2  ;  chloride,  chemical  reactions 
of,  i.  4()0-462  ;  producti(m  of  silver 
from,  i.  707,  708  ;  glance,  localities 
of,  i.  466  ;  horn-,  i.  461  ;  localities 
of,  i.  467 ;  iodide,  i.  462 ;  native, 
localities  of,  i.  465,  466 ;  oxides, 
chemical  reacticms  of,  i.  457,  458  ; 
sulphide,  chemical  reactions  of,  458- 
460  ;  precipitated,  treatment  of,  i. 
732 

.Silver  Reef  mine,  Utah,  Boss  process  of 
silver  extraction,  i.  675 

.Simonin,  on  the  reduction  of  antimony 
in  reverberatory  furnaces,  ii.  451  ii, 
454  II 

l^^inding,  on  precipitation  of  copper,  i. 
2t)9 

(Sinternlstung,  i,  323,  337,  338 

Skinder  furnaces,  i.  92,  93,  107",  108* 

Skunmas,   formation    of,    in    smelting  of 
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calcined  copper   ores,   i.   89  ;   treat- 
ment of,  in  smelting  process,  i.  112 

Skutteriulite,  ii.  47(5 

Slag-nose,  copper  smelting  with,  i.  \)',i 

iSIug-pots,  used  at  lead  smelting  works, 
U.S.A.,  i.  878-380* 

Slag  roaster,  production  of,  in  smelting 
wliite  metal,  i.  140  ;  star-,  in  anti- 
mony refining,  ii.  406,  407  ;  refinery, 
ii.  407 

Slagging  roasting,  .see  SchlackenriJstung 

Sluice  gold-washer,  used  in  United 
States,  i.  702 

Smalt,  ])roduction  of  cobalt  from,  ii. 
.')!)'.)  ;  ])iddiiclion  of,  ii.  609 

Snialtine,  ii.  47(),  598 

Sniitii,  electrolytical  method  of  copper 
extraction,  i.  209,  271,  272  ;  on  gold 
and  silver  in  crude  bisnnith,  ii.  3()9  ; 
on  extraction  of  tin  by  electrolysis, 
ii.  420,  427  ;  his  method  of  antimony 
extraction,  ii.  407 

Societe  Metallurgiijue  Italienne,  works 
of,  at  Leghorn,  converters  used  l>y, 
i.  100 

Soda-ash,  roasted  tinstone  fused  witli, 
for  removal  of  tungsten,  ii.  390,  391  ■' 

Sodium,  alloy  of  aluminium  and,  ii.  031  ; 

reduction  of  aluminium  by,  ii.  037 

-chloride,  used  in  formation  of  chloride 

of  copper,  i.  221  ;  for  removal  of  zinc 

from  lead,  i.  430 

-copper     thiosulphate,     reaction   witli 

silver  sulphide,  i.  4.59 
-hyposulphite,    a   solvent   for   copper, 
i.  204;  manufactured  from  calcination 
products  of  zinc  blende,  ii.  81 
-stannate,  prei)aration  of,  ii.  424 
-thiosulphate,  lixiviation  of  silver  witli, 
i.    727-729 ;    precipitation    from,    i. 
730-732 

Solon,  lead  slags  from  Laurium  dating 
from  time  of,  i.  420 

Sonoma  mine,  tlie,  California,  native 
mercury  in,  ii.  255 

Soot,  mercurial,  ii.  259,  262  ;  composition 
of,  from  Idria  and  Ahnaden,  ii. 
329-332  ;  treatment  of,  ii.  332-33() 

Sophien  works,  Langelslieim,  ■•see  Frau 
Sophienhiitte  (in  Geographical  Index) 

Sow,  see  Bear 

vSpeise,  .vee  Speiss 

Speiss,  formation  of  in  smelting  of 
calcined  copper  ores,  i.  87  ;  com- 
position of,  at  SchmiUlnitz  and 
Neusohl,  i.  Ill  ;  scorification  of 
Oker  "  bleistein  "  speiss,  i.  157  ; 
amalgamation  of,  i.  694^690 

Speiss-cobalt,  ii.  598 

Spelter,  ii.  ISl  ;  composition  of,  fiom 
various  zinc  works^  ii.  182,  183,  233 

Spence  furnace,  for  co^jper  extraction, 
disposition  of  the  ores,  i.  52,  i.  62- 
64",    65 ;    for  sulphuric  acid  manu- 


facture, i.    129 ;    for   calcination    of 
gold  ores,  i.  808 

S))err\'lit,  ii.  610 

Sphalerite,  see  Zinc  Blende 

Spirek,  on  the  Hauzeur  furnace,  ii.  119h  ; 
liis  revci'beratory  mercury  calciners, 
ii.  309,  312,  313* 

"Sjiitting,"  of  silver,  i.  450,  001 

Spitzer,  set  Vortmann  ami 

Spleiss  furnaces,  i.  157,  171,  175''-180 

Spong3'  metal,  i.  126 

Spongy  regains,  i.  151 

Spruhen,  or  coppcr-raiii,  in  refining 
process,  i.  173 

Spurofen,  the,  i.  93,  94,  355 

Spurstein,  i.  120 ;  compositions  f)f,  i. 
121  {see  Blue  Metal) 

Squire,  on  electrolysis  of  alkaline  solu- 
tions for  zinc,  ii.  218 

Stiidler,  on  extraction  of  cadmium  at 
pjngis,  ii.  245,  246 

Stahl,  on  effect  of  arsenic  on  copper,  i. 
4;  on  tougii-poling,  i.  191,  192;  on 
extraction  of  zinc  by  chloridising 
roasting,  ii.  197,  198  ;  on  extraction 
of  nickel  by  electrolj'sis,  ii.  590  ;  his 
method  of  cobalt  extraction,  ii.  005 

Stahlschmidt,  on  chemical  reactions  of 
zinc  oxide,  ii.  6 

Stall-roasting  of  copper  ores,  i.  27,  38- 
44  ;  conditions  for,  i.  39t;  arrange- 
ment and  construction' of  stalls,  i. 
39,  40*-42*  ;  Wellner's,  or,  Freiberg 
stalls,  i.  43*  ;  Stvrian  stall,  i.  43, 
44* 
of  copper  matte,  i.  112;  dead-roasting 
in  stalls,  i.  115  ;  of  copper  pyrites 
for  sulphates,  i.  213-215 ;  of  lead 
ores,  i.  328  ;  of  lead  matte,  i.  383, 
408  ;  of  calamine,  ii.  21,  22;  of  zinc 
blende,  ii.  39  ;  of  nickeliferous  ores, 
ii.  517,  520 ;  for  refining  coarse 
matte,  ii.  532  ;  for  arsenical  ores,  ii. 
559 

Stalmann's  converter,  i.  162*-166 ;  his 
electrolytical  method  of  copper  ex- 
traction, i.  209,  27(J*,  271* 

Stamp-mill  amalgamation,  i.  777-789 

Stannic  acid,  chemical  properties  of,  ii. 
377  ;  anhydride,  chemical  properties 
of,  ii.  377  ;  chloride,  chemical  pro- 
perties of,  ii.  377  ;  preparation  of,  ii. 
423  ;  niti'ate,  chemical  properties  of, 
ii.  377 ;  oxide,  see  stannic  acid  ; 
sulphate,  chemical  pi'operties  of,  ii. 
377  ;  sulphide,  chemical  properties 
of,  ii.  378,  428 

Stannous  chloride,  chemical  properties 
of,  ii.  377  ;  preparation  of,  ii.  423  ; 
oxide,  etlect  on  tin,  ii.  375  ;  cliemical 
properties  of,  ii.  376 ;  sulpliides, 
chemical  properties  of,  ii.  377.  378. 
428 

iStaubrostung,  i.  323,  337 
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Steel,  nickel-,  see  Nickel-steel 

Steger,  on  cla>'  for  vessels  for  zinc  distil- 
lation, ii.  91,  93, 194 e^  aeq.;  his  nozzle, 
ii.  142'',  143"  ;  on  treatment  of  zinc 
fume,  ii.  184  ii 

Steinbeck,  on  Ziervogel  process,  i.  746  h 

Steitz,  his  s^-phon,  i.  454',  455*  ;  his  sys- 
tem of  water  cooling  after  cupellation 
jirocess,  i.  591*  ;  his  water-jacket 
furnace,  i.  592-594 

Stelzner,  on  chemical  reactions  of  zinc 
oxide,  ii.  8 

Stempelmann's  modification  of  Dagner's 
adapter,  ii.  138,  139*,  140* 

Stephanite,  localities  of,  i.  467 

Stephans  works,  Hungary,  stall-calcina- 
tion of  mercurial  fahlores  at,  ii.  264 ; 
treatment  of  mercurial  fahlores  at, 
ii.  341 

Sterling  mine,  the,  ores  for  jjroduclion 
of  zinc  white  found  at,  ii.  226 

Stern  works,  the,  at  Linz  on  the  Rhine, 
i.  200 

Sternbergite,  i.  467 

Stetefeldt  furnace,  for  calcining  silver 
ores,  i.  72  ;  drying  furnace,  the,  i. 
678,  679*,  680*^  685,  686*,  687*,  698  ; 
for  calcination  of  zinc  blende,  ii.  43 

Stetefeldt,  on  Patio  process,  i.  646  ;  on 
patera  process,  i.  72b(;  on  calcination 
of  gold  ores,  i.  807 

Stevenot,  his  amalgamator,  i.  801 

Stevenson  pan,  for  Washoe  process,  i. 
658,  661* 

Stibnite,  reduction  of,  in  calcination  of 
zinc  blende,  ii.  36  (see  Antimony 
(Uance) 

Stirling  lirand  of  spelter,  ii.  233 

Stolberg  furnace,  the,  formerl}-  used  at 
Freiberg,  i.  366,  367* 

Stiilzel,  on  the  specific  gravity  of  zinc, 
ii.  1  n 

Stolzite,  i.  283 

Stopp,  method  of  extraction  of  arseiuc 
from  residues  of  coal  tar  colours,  ii. 
495 

Storer,  on  impurities  of  zinc,  ii.  2-4 

Strabo,  lead  slags  from  Laurium  dating 
from  time  of,  i.  420 

Straits  furnace,  for  smelting  tinstone,  ii. 
399,  400 

Strecker,  on  zinc  distillation  furnaces  in 
U.S.A.,  ii.  128 /(,  129  »;  on  jn-oduc- 
tion  of  zinc  white,  ii.  232  /( 

Streng,  on  comj)osition  of  Harz  lead 
desilverised  by  I'attinson's  process,  i. 
425,  442 

Strolimcycr,  on  lixiviation  of  copper  by 

.sodium  h^'posulpliitc,  i.  204 
Stromeyerite,  localities  of,  i.  4()6 
Stii|>p,  ii.  259  (••>'-';  Soot,  mercurial) 
Styrian  stall,  copper  roasting,  i.  43,  44* 
Sulman  and  Teeil,  cyanide  process  for  dis- 
solving gold,  i.  830 


Sulpho-telluride  of  bismuth,  ii.  352 

Sulphur,  action  on  copper,  i.  5,  7  ; 
compounds  of,  extraction  of  from 
copper  ores,  i.  17,  25,  32*  ;  ex- 
traction by  ^lalctra  furnace,  i.  (il  ; 
reduction  of  in  smelting  of  calcined 
copper  ores,  i.  88  ;  action  on  silver, 
i.  457  ;  action  on  silver  sulphide,  i. 
458  ;  compounds  of  silver  witli,  i. 
462,  463 ;  efiect  on  gold,  i.  754  ; 
parting  by  litharge  and,  i.  844,  845  ; 
parting  by  suljjhur  alone,  i.  845, 
846  ;  i)resent  in  connncrcial  zinc,  ii. 
4  ;  action  with  zinc,  ii.  5  ;  action 
with  zinc  oxide,  ii.  7  ;  iiercentage  of, 
in  zinc  blende,  ii.  34  ;  neutralisation 
of  the  acids  of,  evolved  by  calcinatif)n 
of  zinc  blende  in  reverberatory  fur- 
naces, ii.  52-59  ;  manufactured  from 
calcination -products  of  zinc  blende, 
ii.  81,  82;  containeil  in  crude  bis- 
muth, ii.  369  ;  extracted  from  crude 
bismuth,  ii.  372 ;  efi'ect  on  tin,  ii. 
375  ;  separation  fn^m  tin,  ii.  382, 
383 ;  action  with  arsenic,  ii.  472, 
491,494;  efiect  on  nickel,  ii.  497; 
extraction  of  nickel  from  compounds 
of,  ii.  511-554  (.see  under  Nickel); 
action  with  ])latininn,  ii.  615 

Sulphur  dioxide,  absorbed  by  molten 
copper,  i.  2,  6  ;  action  on  cupric 
chloride,  i.  13  ;  manufactured  from 
products  of  calcination  of  zinc  blende, 
at  Hainborn  and  Lipine,  ii.  75-77* 

Suljjhurets,  produced  in  gold  milling,  i. 
771,  774,  787  et  stq.  ;  treatment  in 
Htmgarian  mills,  i.  791 

Sul|)huretted  hydrogen,  action  tm  cupric 
sulphate,  i.  12 ;  precipitation  of 
copper  by,  i.  209  ;  used  in  precipita- 
tion of  copper,  i.  241  ;  action  on 
.silver,  i.  457  ;  manufactured  from 
calcination  jtroducts  of  zinc  blende, 
ii.  81 

Sid})huric  acid,  action  f)ii  copper,  i.  7  ; 
action  on  cujjrous  oxide,  i.  8;  result 
of  electrolysis  of  co))per  sulpiiides 
and,  i.  11  ;  utilisation  of  gases  from 
copper  ores  for  manufacture  of,  i. 
27 ;  a  jjroduct  of  calcination  of 
copper  ores  in  shaft  furnaces,  i.  44, 
52  ;  pyrites  burners  used  in  )nanufac- 
ture  f)f,  i.  45-47  ;  mulllc  furnaces 
for  manufacture  of,  i.  83,  128,  129; 
manufacture  of,  at  Mansfcld,  i.  155  ; 
manufactured  from  the  Kannnelsberg 
copper  ores,  i.  156  ;  used  for  lixivia- 
tion of  copper,  i.  199-200;  manufac- 
tured from  gases  of  calcined  ores  at 
Oker,  i.  225,  226  ;  used  in  electroly- 
sis of  co])]jcr  slimes,  i.  2()3  ;  action 
on  lead,  i.  276  ;  action  on  silver,  i. 
457  ;  extraction  of  zinc  oxide  with, 
i.    560 ;    extraction   of    silver  from 
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argentiferous  copper  by  means  of,  i. 
()(t.S-()10  ;  action  on  gold,  i.  ITtH  ; 
gold  parting  l)y,  i.  Hitli  S7H  ;  ))re- 
paratioTi  of  alloy,  i.H'h)  IS-hS  ;  solution 
of  silver  with,  i.  S.IS  S()2  ;  trealuiont 
for  gold  with,  i.  ,S(i-2  S(i(i  ;  cxliar- 
tion  of  silver  by,  i.  S0()  87. 'i  ;  aclion 
onzine,  ii.  5  ;  woi'ks  for  nianiifacture 
of  at  (Jliropaezow,  ii.  70  ;  extraction 
of  zitic  by,  ii.  19(i  ;  action  on  cad- 
mium, ii.  242,  249  ;  action  on  mer- 
cury, ii.  251  ;  action  on  bismuth,  ii. 
348;  used  in  extraction  of  l)isniuth,  ii. 
365  ;  action  on  tin,  ii.  .■{7()  ;  used  in 
the  purification  of  tinstone,  ii.  .382, 
39U  ;  action  on  antimony,  ii.  431  ;  on 
ai'senic,  ii.  472  ;  on  nickel,  ii.  499  ; 
on  cobalt,  ii.  597  ;  on  aluminium,  ii. 
(528 

Sulpljuiic  anhydride,  manufacture  of  at 
Freiberg  and  Stolberg,  ii.  75 

Sulu-furnaces  for  smelting  calcined 
copper  ores,  i.  90''',  97,  12U,  124 

Sumpf-ofen,  the,  i.  93,  95,  98,  355  ;  used 
for  smelting  nickel  ores,  ii.  524 

Sutton's  process  of  gold  chlorination,  i. 
815  ;  of  precipitation,  i.  819 

Svanbcrg,  analysis  of  Californian  crude 
jilatinum,  ii.  (il7 

Swindell,  proposal  for  improvement  in 
zinc  extraction,  ii.  185 

Sylvanite,  i.  758 

Syphon,  invented  by  Steitz,  u.sed  in 
casting  refined  lead,  i.  454*,  455" 

Syphon  tap,  the,  in  lead  smelting  fur- 
naces, i.  356-358 


Tal))ot,    on   large  American  copper  cal- 

ciners,  i.  71 
Tambourin  and  Lemaire,  method  of  ex- 
traction of  arsenic  from   residues  of 

coal  tar  colours,  ii.  495 
Tamm,  on  purification  of  bismuth  from 

arsenic,  ii.  370 ;  from  copper,  ii.  371  ; 

from  sulphur,  ii.  371 
Tapping  process,   or  mechanical  Pattin- 

sonising,  i.  511-514 
Tarnowitz  process  of  extraction  of  leail 

by  air  reduction,  i   289,29(»,  3U3-3M6  ; 

furnaces    for,   at  Friedrichshiitte,   i. 

3(»4"-306 
Tartar  emetic,  ii.  435 
Taylor,    Alfred,    on    impurities   in  com- 
mercial zinc,  ii.  4 
Taylor  mine,  the,  ores  for  production  of 

zinc  white  found  at,  ii.  226 
Teichmann,     on    hand-Pattinsonising,   i. 

511  ?j 
Telluride  of  bismuth,  ii.  352 
Tellurium,    action   of,    on    copper,  i.    4 ; 

effect  on  gold,  i.  753  ;  compounds  of, 


with  gold,  i.  758  ;  gi'aphic  tellurium, 
i.  758  ;  wiiite  ttdiui'ium,  i.  758  ; 
ti'catmcnt  of  tclbiriiit!  gold  ores,  i. 
827,  828 

Tcnnant,  on  pioduction  of  cjdoriilc  of 
cop]>er  in  dry  way,  i.  220 

'i'ci)hroite,  zinc  white  produced  from,  ii. 
22(i 

Teraillon,  on  converters  used  at  works 
of  .Teres  Lanti'ira  in  Spain,  i. 
165  n 

Terhune,  on  J3riickner"s  furnace  for  roast- 
ing lead  ores,  i.  339  ;  for  roasting 
lead  matte,  i.  383 

Tetradymite,  s< (  'I'clhiride  of  bismutii 

Tctrahedrite,  vr '   Faid  ore 

Teulier,  on  composition  of  mercurial  soot 
at  Idria,  ii.  330  « 

Tharsis  Sulphur  and  Copper  Co. ,  muffle 
furnaces  used  for  production  of 
copper  chloride,  i.  233,  234*,  235 

'i'h.'-nard's  blue,  ii.  600,  613 

Thenot,  his  amalgamator,  i.  8<Jl 

Theophilus,  see  Roger 

Theophrastus,  on  the  Almaden  cinnabar 
deposits,  ii.  256 

Theresia  works,  Silesia,  the  charge  for 
zinc-distillation  at,  ii.  161  ;  com- 
position of  zinc  fumes  from,  ii.  184 

Thies  process  of  gold  chlorination,  i.  816, 
817 

Thiolliei-,  on  composition  of  garnierite, 
ii.  509 

Tiiom])son,  Lewis,  on  parting  of  gold 
with  chlorine  gas,  i.  847 

Tiiomsen,  J.,  on  removal  of  copper  from 
nickel  matte,  ii.  550 

Thiirach,  on  purification  of  bismuth  from 
arsenic,  ii.  370 

Thum,  on  heap-burning  of  calamine,  ii. 
22 ;  on  burning  calamine  in  shaft- 
furnaces,  ii.  22  n ;  in  reverberatory 
furnaces,  ii.  27  n  ;  on  barytes  in  zinc 
blende,  ii.  36 ;  on  calcining  zinc 
l)lende,  ii.  44  »  ;  his  furnaces  heated 
by  waste  heat  from  reduction  fur- 
naces, ii.  48 ;  gas-fired  furnace  de- 
signed by,  ii.  122,  123  n 

Tichenor,  his  amalgamator,  i.  801 

Tiegelofen,  the,  i.  93-95 

Tierra  Seca  machine,  for  gold  washing, 
i.  762,  763 

Tierras  furnaces  for  mercury  extraction, 
ii.  .301,  302*,  303 

Tile-ore,  i.  13 

Tin,  action  on  copper,  i.  3 ;  action  on 
cuprous  sulphide,  i.  11  ;  smelting  of 
copper  ores  containing,  i.  147,  148  ; 
precipitation  of  copper  by,  i.  205, 
206  ;  action  in  electrolj'sis  of  copper 
slimes,  i.  261 
efTeet  on  gold,  i.  753 ;  reduction  of  in 
gold-refining,  i.  855  ;  present  in  com- 
mercial   zinc,    ii,    3 ;    action    with 
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zinc  sulphide,  ii.  10;  treatment  of 
alloys  of  bismuth  and,  ii.  365 
physical  properties,  ii.  874-,  375;  chemi- 
cal proi)crties  of,  and  of  com])ounds, 
ii.  375-378  ;  alloys  of,  ii.  37S  ;  ores 
of,  ii.  378  380 
extraction  in  the  dry  way,  ii.  380~4'2:2  ; 
from  tinstone,  ii.  380-413 ;  purifi- 
cation of  tinstone  from  injui-ious 
impurities,  ii.  381-383 ;  loasting 
tin  ore,  ii.  383-384  tt  neq.  ;  roasting 
in  furnaces  with  fixed  chambers,  ii. 
384-38() ;  jjartl}'  moval)le  cliambers, 
ii.  38G-388 ;  moval)le  chandters,  ii. 
388-390  ;  treatment  of  roasted  ore, 
ii.  390 ;  removal  of  tungsten  from 
roasted  ore,  ii.  390-392 ;  reduction 
of  tin  ore,  ii.  392-410 ;  in  rever- 
beratory  furnaces,  ii.  394-399 ;  in 
Straits  Settlements,  ii.  399-400; 
reduction  in  shaft  furnaces,  ii.  400- 
410;  tin-iron  alloj's,  ii.  407;  ex- 
traction of  tin  from  metallurgical 
products,  ii.  410-413 
I'efining  of  tin,  ii.  413-418 ;  by  liquation, 
ii.  414  ;  b}'  English  method,  ii.  414- 
41() ;  by  tossing,  ii.  41(j ;  by  filtration, 
ii.  416,  417  ;  methods  of  working  up 
retincrj-  dross,  ii.  417,  418 
extraction  of  from  skimmings  and  bye- 
products,  ii.  418-422;  tin  cuttings, 
ii.  422 
extraction  in  the  wet  way,  ii.  422-424 
exti'action    of   tin   b}'  electrolysis,    ii. 

424  429 
alloys  of  antimony  and,  ii.  436,  437 
alloys  of  aluminium  and,  ii.  632 
Tin   powder,  see  Abstrich  ;    pyrites,    ii. 
380;    slags,    treatment    of,   ii.   410- 
413 ;    stream-,    ii.    378 ;     treatment 
of,  ii.  382 ;  wood-,  ii.  379 
Tinstone,  localities  of,  ii.  378,  379  ;  ex- 
traction of  tin  from,  ii.  380-413  (see 
under  Tin) 
Tina,  the,  in  I'atio  process,  i.  642,  643" 
Tina  amalgamation,  i.  700-702 
'Pintin  process  of  silver  extraction,  i.  (114 
Tom,  used  in  gold-washing,  i.  761 
Ton,  the,  used  in  America,  i.  164  ii 
Topetti,  on  electrolvsis  of  copper  matte, 

i.  258 
Torta,  in   Patio  process,    i.    631,    632*  ; 

chemical  reactions  in,  i.  637-642 
Toughening   of    refined   copper,    i.    171, 
180,     181     (.see     (i/.so     Hammergaar- 
machen ) 
Tough-poling,  .see  I'oling 
Tower-condenser  for  arsenious  acnd.  ii. 

485*,  486 
Trapiche,  .'<ee  Cliiliaii  Mill 
'i'read\\ell    mill,   Douglas   Island,   slanip 
mills  at,  i.   787  ;    calcination  of  gold 
ore,  i.  808  ;  cidorination  of  gold  ore, 
J.  812 


'i'ri-silieates,  formation    of,    in    smelting 

calcined  copper  ores,  i.  89 
Troost,   on   chemical  reactions  of    silver 

oxide,  i.  459  ;    on  volatility  of  zinc, 

ii.    2  ;    on   tlie  boiling  })oint   of  cad- 

n)ium,  ii.  241 
Troost  ite,  .see  Willemite 
Tul)alkain   works,   the,    near    Remagen, 

English  process  of  cojiper  smelting 

at,  i.  152,  153 
"^rube  furnace,  for  reduction  of  antimony, 

ii.  441 
Tulloch  ore-feeders,  i.  776,  779 
'i'ungsten,  effect  on  tin,  ii.  375  ;  sepai-a- 

ti(m  from  tin,  ii.  382,  383,  390-392 
'I'ungstite,  in  tin  ore,  ii.  382 
Twelve  Apostles  Co.,  the,  Ruda,  i.  793 
Tj-pe-metal,   a    lead-antimony    alloy,   ii. 

436 


U 

Ulke,   T. ,   on  refining  nickel   matte,   ii. 

543  71,  544  n 
LJUmannite,  ii.  508 
Unger,  experiments  for  solution  of  copper 

l)y  ferrous  chloride,  i.  202 
United  Verde  Copper  Co.,  the,  treatment 

of  oxidised  ores  in  works  of,  i.  168, 

169 
Uslar,  on  Patio  process,  i.  637 
Utica      mine,     California,     MacArthur- 

Forrest    gold-extraction    process,    i. 

837,  841 


Valenciennes,  on  extraction  of  bismuth 
from  bismuth-glance,  ii.  358 

V'anadinite,  i.  283 

Vapart  mills,  \ised  for  grinding  zinc  ores, 
ii.  90,  107 

^'autin"s  process  of  gold  cidorination,  i. 
816 

N'clasco,  I'edro  Fernandez  de,  cm  the 
Patio  piocess,  i.  625 

\'erl)leiung,  i.  763 

Verdigris,  produced  lij'  carbon  dioxide 
on  cojipcr,  i.  6 

^'ict(lr-l<'licdl■ichs  works,  Alcxisbad,  lead 
smelting  at,  i.  410  ;  refining  blick- 
silber  at,  i.  596 

Victoria  works,  the,  Silesia,  .production 
of  copper-nickel  alloj's  at,  ii.  547  ; 
extraction  of  nickel  from  roasted 
matte,  ii.  582,  585 

N'icille  ^Nlontagne  Co.,  tiie  reverbei'atoi-y 
furnaces  for  burning  calamine  used 
by,  ii.  27,  28"  ;  furnaces  for  calcining 
zinc  blende,  ii.  46,49*;  zinc-distilla- 
tion furnaces  used  b)',  ii.  126,  ]4(i ; 
loss  of  zinc  in  distillation,  ii.  171 
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Vienna   Mill,    Idaho,   pan-anialgaination 

at,  i   G97 
VioUe,  on  melting  point  of  copper,  i.  '2  ; 
on  melting  point  of  gold,  i.  752 ;  on 
volatility  of  zinc,  ii.  2 ;   on  melting 
point  of  platinum,  ii.  614 

Vitriol  green,  used  in  heap-roasting  of 
copper  tines,  i.  37,  52,  213 

Vivian's  Copper  Works,  near  Swansea, 
methods  of  smelting,  i.  152 ;  con- 
verter process  in  use  at,  i.  166  ;  im- 
purities in  zinc  from,  ii.  3  ;  furnaces 
for  zinc-distillation  used  by,  ii.  114*, 
115*,  116 

Vlandeeren's  tin  smelting  furnace,  ii. 
403,  404,  412 

"V"  method  of  copper  heap-roasting,  i. 
34 

Vogel  furnace,  i.  351,  364 

Vogel,  A,,  on  reactions  of  silver  chloride, 
i.  461,  462;  on  Augustin  process,  i. 
709  ;  on  the  method  of  antimony  ex- 
traction at  Lixa,  Portugal,  ii.  470 

Volatilising  roasting  of  antimony  glance, 
ii.  449 

Vortmann,  method  of  cobalt  extraction, 
ii.  608 

Vortmann  and  Spitzer,  on  extraction  of 
tin  by  electrolysis,  ii.  425,  426 


W 


Wad,  occurrence  of,  ii.  599 

Wagner,  on  extraction  of  gold  by  bro- 
mine, i.  827  ;  on  the  melting  point 
of  cadmium,  ii.  241  ;  on  Silesian 
cadmium,  ii.  246  ;  on  extraction  of 
mercurj'  in  the  wet  wa}',  ii.  343  ;  on 
refining  nickel  matte,  ii.  542 

Wallridge,  on  extraction  of  tin  by  elec- 
trolysis, ii.  425,  426 

Wall  Street  Mine,  the,  California,  native 
mercury  in,  ii.  255 

Walther-Kroneck  Works,  the,  at  Schop- 
pinitz,  Tarnowitz  process  of  lead 
extraction  at,  i.  303,  306 

Walz-raffinad,  i.  194,  197 

Washing,  extraction  of  gold  by,  i.  760- 
763 

Washoe  process  of  silver  extraction,  i. 
647-673 ;  crushing  of  ores,  i.  649- 
654 ;  treatment  of  powdered  ore  in 
pans,  i.  654-662 ;  separation  of 
amalgam,  i.  663-665  ;  treatment  of 
amalgam,  i.  665-670 ;  treatment  of 
ores  after  amalgamation,  i.  670-673  ; 
modifications  of  Washoe  process,  i. 
673  et  seq. 

Water-jacket  furnaces,  i.  90  ;  American, 
i.  92,  101-103 ;  improvement  in  by 
Herreshof,  i.  92 ;  consumption  of 
water  b}',  i.  102;  in  use  in  Arizona 
and  New  Mexico,  i.   168  ;    for  lead 
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smelting,    i.    358,  359*,  360*,  361*- 
363* 
Weathering  copper  ores  for  transforma- 
tion of  sulphide  into  sulphate,  i.  210 
Webster's   process  of  alumina  manufac- 
ture, ii.  640 
Webster  Mining  and  Milling  Co. ,  Marys- 
vale,  combiiiation   process  of  silver 
extraction  at,  i.  674 
Wedding,  on  nickel  refining,  i^.  596 
Wedding  and  Ulrich,  on  production  of 
chloride  of    copper  in  drj'  way,  i. 
221 
Wei  Her,  on  electric  conductivity  of  zinc, 

ii.  2 
Weissglas  manufacture,  i.  387 
Welde's  magneto-electric  machine,  used 
in    extraction    of    copper   from    its 
alloys,  i.  260 
Weldon  process  for  making  chloride  of 
lime,  ii.    579 ;    process   of    chlorine 
manufacture,  ii.  640,  641 
Wellner's   stall,    for  copper   roasting,  i. 
43* ;  for   lead-ore   roasting,    i.    328, 
388  ;  for  roasting  lead  matte,  i.  383, 
408 
Wellner-Vogel  furnace,  formerlv  used  at 

Freiberg,  i.  365,  366* 
Welsh   furnace,   for   copper  smelting,  i. 
132*,  133*, 138;  calcining  coarse  metal 
in,    i.     139,     140 ;    smelting    coarse 
metal  in,  i.  141  ;  for  smelting  white 
metal,  i.  144,  145*,  146-151 
Werkblei,  see  Work-lead  under  Lead 
Werren,   on   solubility   of   pure   zinc   in 

acids,  li.  5 
Werther,  on  purification  of  bismuth  from 

arsenic,  ii.  370 
Westinghouse  engine,   St.   Louis  Works 

furnished  with,  i.  874 
Westmann,  proposal  for  improvement  in 

zinc  extraction,  ii.  185  ii 
Wetherill  grates,  used  in  retort-distilla- 
tion of  zinc,  ii.  103,  111  et  seq.,  128  ; 
his   furnaces    and    method   of    pro- 
duction of  zinc  white,  ii.  227*.  228*, 
229*  et  seq. 
Wetzlar,  his  TierraSeca  machine  for  gold- 
washing,  i.   762,  763  ;  on   Augustin 
process,  i.   708 
Wharton,  his  process  of  nickel  refining, 

ii.  592 
Wheeler  pans,  used  in  Washoe  process, 
i.  656*,  657*  ;  used  in  gold  amalga- 
mation in  Mysore,  i.  796 
White     furnace,    the,    for     copper    ex- 
traction, i.  81*,  82  ;  for  roasting  lead 
ores,  i  339  ;  for  chloridising  roasting 
silver  ores,  i.  684*,  698 
White    metal,  in    copper   refining,  pro- 
duction  of,   i.    18  ;   treatment  of    in 
German  process  of  copper  smelting, 
i.    24 ;     smelting    coarse    metal   for 
production   of,  i.   140  ;  smelting  for 
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coarse  copper,  i.  143-146  ;  by  Welsh 
process,  i.    144,  145*,  146  ;  composi- 
tion of,  i.  146 ;  composition  of  special, 
i.  150  ;  an  antimony-tin  alloy,  ii.  436, 
506 
White  slag  metal,  i.  150 
White   Pine    Mine,   the,    Nevada,  Boss 
process  of  silver  extraction  at,  i.  675 
Widnes,  Liverpool,  CFaudet's  process  at, 

i.  739. 
Wiedemann,  on  thermal  conducti\aty  of 
silver,   i.   456  ;   of   gold,   i.   753  ;    of 
zinc,  ii.  2 
Wiedemann  and  Franz,  on  thermal  con- 
ductivity of  lead,  i.   275  ;  of  tin,  ii. 
375 
Wiggin  and  Co.,  nickel  refining  by,  ii. 

595 
Wilhelmina  Zinc  Works,  Silesia,  Dag- 
ners  adapters  at,  ii.  136  et  aeq.  ; 
Siemens'  gas  furnaces  at,  ii.  160 ; 
charge  for  distillation,  ii.  161  ;  loss 
of  zinc  in  distillation,  ii.  171  ;  zinc 
refining,  ii.  182 
Willemite,    localities    of,    ii.    15 ;     zinc 

white  produced  from,  ii.  226 
Williams,  on  the  Carinthian  process  of 
lead  extraction  in  Missouri,  i.  295  a  ; 
on  the  water-cooled  American  hearth 
for  lead  extraction,  i.  314  n 
Winkler,on  barrel-amalgamation,  i.689  n, 
692  m  tt  seq.  ;  on  cementation,  i.  846  : 
on   neutralisation   of   sulphur  acids 
from  calcination  of  zinc  blende,  ii. 
59 ;    liis    method    of    extraction   of 
arsenical  products  from  residues  of 
coal   tar  colours,   ii.   495  ;    on  com- 
pounds of  platinum,  ii.  615 
Wittichenite,  nee  Copper-Bismuth  glance 
Wochenite,  ii.  634 
Wiihler,  on  extraction  of  aluminium,  ii. 
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Wohlfahrt,  on  chemical  reactions  of  zinc 

oxide,  ii.  8 
Wohlwill,  method  of  extraction  of  copper 

from  its  alloys,  i.  260 
Wolffs   engine,    used   in   electrolysis   of 

zinc,  ii.  216 
Wolfram,  in  tin  ore,  ii.  382,  392 
Wolfsbeigite,  ii.  437 
WoUaston,  on  extraction  of  platinum,  ii. 

621 
Wood,  on  the  melting  point  of  cadmium, 
ii.   241  ;    on   alloys   of  bismuth,    ii. 
351 
Woodworth  Mill,  Washoe  process  at,  i. 

671,  672 
Worcester  Gold  Mining  Co.,  Transvaal, 
Mac  Arthur-Forrest  gold-extraction 
process  at,  i.  839 
Woulfs   bottles,   used   in   extraction    of 

zinc  oxides,  i.  558,  559* 
Wii  liner    and    Bettendorff,    on    specific 
heat  of  arsenic,  ii.  471 


Wurz,  on  the  Deville  aluminium  process, 

ii.  640 
Wulfenite,  occurrence  of,  i.  283 
Wyott,    on   extraction   of  platinum,   ii. 
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Xenophon,    lead    slags    from     Lam-ium 
dating  from  time  of,  i.  420 


Youngwood,    on    production   of    refined 
nickel  matte,  ii.  549 


Zeehan  and  Dundas  Smelting  Works, 
the,  Tasmania,  lead  smelting  process 
at,  i.  412 

Ziervogel  process  of  desilverisation,  i.  153, 
740-749  ;  of  kupferschiefer,  154,  155, 
182,  197 

Zinc,  action  on  copper,  i.  3 ;  on  cuprous 
sulphide,  i.  11;  on  cupric  sulphate, 
i.  12 ;  on  cuprous  chloride,  i.  12 ; 
on  cupric  chloride,  i.  12,  13  ;  present 
in  copper  pyrites,  i.  26,  29;  muffle  fur- 
naces for  calcination  of,  i.  '6b ;  re- 
duction of  in  smelting  of  calcined 
copper  ores,  i.  87,  88,  91  ;  action  in 
electrolysis  of  copper  slimes,  i.  262, 
263 
in  lead  ores,  effect  on  the  roasting  and 
reduction  process,  i.  320  ;  on  smelt- 
ing process,  i.  341-343,  346  ;  special 
furnaces  for  lead  ores  rich  in,  i.  354  ; 
in  various  lead  ores,  i.  386  tt  neq.  ; 
elimination  of,  in  refining  lead,  i. 
431  et  ieq.  ;  desilverisation  of  lead 
by,  i.  434 
alloy  of  silver  and,  i.  465  ;  desilver- 
ising  bj-  means  of,  i.  519-522  ;  pro- 
duction of  silver-lead-zinc  alloy 
from  argentiferous  lead,  i.  522-601  ; 
desilverising  process,  i.  528-533 ; 
li(juation  of  zinc  scums,  i.  533-538  ; 
treatment  of  desilverised  lead,  i. 
538-539 ;  production  of  rich  lead 
from  zinc  alloy,  i.  539  et  -ieq.  ;  dis- 
tillation of  zinc  scums,  i.  540-548  ; 
smelting  ricii  scums,  i.  548,  549; 
cupellation  of  ricii  scums,  i.  549 ; 
melting  zinc  scums,  i.  549  ;  oxidation 
of  zinc  by  steam,  i.  550-552  ;  lixivi- 
ation  of  oxides,  i.  552,  553  ;  extrac- 
tion of  zinc  oxide  by  ammonium 
carbonate,  i.  553-560  ;  by  sulphuric 
acid,  i.  560,  561  ;  combined  pattinson 
and   zinc  desilverising   processes,   i. 
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561  ;  production  of  zinc-silver  alloy 
from  work-lead,  i.  561-566;  cupella- 
tion  of  argentiferous  lead,  i.  566- 
596  ;  refini-ng,  i.  596-601  ;  extraction 
of  silver  by  silver-lead  alloy,  i.  61)1 
e.t  Heq. 

effect  on  gold,  i.  753,  755  ;  used  in  ex- 
traction of  gold  from  auriferous  lead, 
i.  763  ;  reduction  of  in  gold-refining, 
i.  855 

piiysical  properties,  ii.  1-4  ;  impurities 
in  various  kinds  of  commercial  zinc, 
ii.  3,  4  ;  chemical  properties,  ii.  4-6  ; 
chemical  reactionsof  zinc  compound; , 
ii.  6-13;  alloys  of  zinc,  ii.  11,  12; 
zinc  ores,  ii.  13-15 ;  metallurgical 
products,  i.  15  ;  methods  of  extrac- 
tion, ii.  15-17  ;  purification  of  zinc, 
ii.  17 

EXTRACTION  OF  ZINC  IN  THE  DRY   WAY, 

ii.  17-196  ;  from  ores,  ii.  17-20;  pre- 
paration of  ores  for  i eduction,  ii. 
20-84 ;  crushing  ores,  ii.  20,  21  ; 
burning  or  calcining  of  calamine,  ii. 
21-32  ;  calcining  of  zinc  blende,  ii.- 
32-84 ;  neutralisation  of  acids  of 
sulphur  evolved  in  calcination  in  re- 
verberatory  furnaces,  ii.  52-59  ;  re- 
duction of  calcined  ores,  ii.  84-196  ; 
process  of  reduction,  ii.  84-88  ;  the 
charge,  ii.  88-90  ;  vessels  used  in  the 
process,  ii.  90-102 ;  general  con- 
siderations, ii.  102,  103  ;  comparison 
of  process  of  distillation  in  retorts 
and  in  muffles,  ii.  103-105 

the  Belgian  method  of  zinc  distillation, 
ii.  105-130;  adapters,  ii.  110,  111  ; 
furnaces,"  ii.  Ill  et  neq.  ;  furnaces 
fired  by  grates,  ii.  112;  single  fur- 
naces, ii.  112-117  ;  double  furnaces, 
ii.  118,  119  ;  furnaces  fired  by  grates 
and  gas,  ii.  119,  120;  gas-fired  fur- 
naces, ii.  120-124 ;  the  charge,  ii. 
124,  125  ;  process  of  distillation,  ii. 
125-126  ;  examples  of  distillation  in 
retort  furnaces,  ii.  126-130 

distillation  in  muffles,  or  the  Silesian 
process,  ii.  130-173  ;  muffles,  ii.  130- 
133 ;  condensers,  or  adapters,  ii. 
133-143 ;  furnaces  for  distillation 
ii.  143-144  ;  old  Silesian  furnaces,  ii. 
144,  145  ;  Belgo-Silesian  furnaces,  ii. 
145-150  ;  gas  furnaces,  ii.  150-160  ; 
the  charge,  ii.  161  ;  process  of  distil- 
lation, ii.  161-164 

economic  results  and  examples,  of 
muffle  distillation,  ii.  164-173  ;  old 
Silesian  muffle  furnaces,  ii.  164 ; 
Belgo-Silesian  furnaces,  ii  164-168  ; 
furnaces  with  regenerators,  ii.  168- 
170  ;  losses  of  zinc  in  retorts  and  in 
muffles,  ii.  170-173;  data  for  cal- 
culating cost  of  distillation,  ii.  173  ; 
extraction  of  zinc  from  furnace  pro- 


ducts, ii.  174-184 ;  refining  zinc,  ii. 
177-184 
experiments  and  proposals  for  the  im- 
provement of  the  dry  method  of  ex- 
traction, ii.  185-196  ;  .shaft  furnaces, 
ii.  181-195  ;  reverberatory  furnaces, 
ii.  191-192;  condensation  of  zinc 
vapours  from  vessels,  ii.  192-194; 
shape  and  material  of  vessels,  ii. 
194-196 

EXTRACTION      BY     COMBINED     WET    AND 

DRY  METHODS,  ii.    196-198 
EXTRACTION    BY    ELECTROLYSIS,  ii.   198- 

.240 

in  tlie  wet  way,  ii.  198-223  ;  extraction 
from  ores,  ii.  207-216 ;  from  zinc 
sulphate,  ii.  216  ;  from  solutions  in 
organic  acids,  ii.  216  ;  from  alkaline 
solutions,  ii.  217-218 ;  extraction  from 
ores  in  which  it  is  a  subsidiary  con- 
stituent, ii.  218-221 ;  extraction  from 
alloys,  ii.  221-223 

in  tlie  dry  way,  ii.  223-240  ;  production 
of  merchantable  zinc  compounds,  ii. 
226 ;  production  of  zinc  white,  ii. 
226-235  ;  preparation  of  mixtures  of 
oxide  of  zinc,  sulphate  of  lead,  and 
oxide  of  lead,  ii.  235-237  ;  produc- 
tion of  zinc  vitriol,  ii.  237-240 

action  with  cadmium,  ii.  242 ;  ex- 
traction of  cadmium  from,  ii.  243  tt 
seq.  ;  action  with  mercuric  sulphide, 
ii.  253  ;  alloj  s  of  bisnmth  and,  ii. 
351,  352  ;  in  German  silver,  ii.  506  ; 
effect  on  aluminium,  ii.  627,  632 
Zinc  blende,  localities  of,  ii.  13,  14  ;  cal- 
cination of,  ii.  32-84  ;  foreign  bodies 
in,  ii.  35-37  ;  process  of  calcination, 
ii.  37-39  ;  calcination  in  heaps  and 
stalls,  ii.  39 ;  calcination  of  lump 
blende  in  shaft  furnaces,  ii.  39- 
41  ;  of  crushed  blende,  ii.  41  ;  cal- 
cination in  reverberatory  furnaces 
(1)  fixed  hand,  ii.  41-43;  (2)  in- 
dependent hand,  ii.  43-48 ;  in  re- 
verberatory furnaces  heated  by  waste 
heat  from  reduction  process,  ii.  48 ;  in 
fixed  reverberatory  furnaces  worked 
by  machinery,  ii.  48-50 ;  in  re- 
verberatory furnaces  with  movable 
hearths,  ii.  50,  51  ;  with  movable 
working  chambers,  ii.  51,  52  ;  neu- 
tralisation of  the  acids  of  sulphur 
evolved  by  calcination  in  reverbera- 
tory furnaces,  ii.  52-59  ;  calcination 
in  combined  reverberatory  and  muffle 
furnaces,  ii.  59-63 ;  in  muffle  fur- 
naces, ii.  63  ;  in  fixed  muffle  furnaces 
with  hand  rabbling,  ii.  63-71  ;  with 
machine  rabbling,  ii.  71-74;  in  fur- 
naces with  movable  chambers,  ii.  74  ; 
utilisation  of  the  products  of  calcina- 
tion, ii.  75-84 ;  electrolvsis  of,  ii. 
209,  tt  seq. 
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bloom,  see  Hydiozincite 

carbonate,    cbeiiiical    reactions    of,    ii. 

12 ;    extraction    of     zinc    from,    ii. 

197 
cbloride,     cbemical     reactions    of,    ii. 

12  ;  extraction  of  zinc  from,  ii.  197  ; 

electroly.sis  of,  ii.  215,  219 
-green,  ii.  (313 
oxide,   cbemical  reactions  of,  ii.  G-8  ; 

action    with    zinc    sulpiride,   ii.    10 ; 

extraction  of  zinc  from,  ii.  196 ;  pre- 
paration of,  ii.  235-237 
red  zinc  ore,  see  Zincite 
silicate,  cbemical  reactions   of,    ii.    11 

{see  Electric  Calamine) 
spar,  see  Calamine 
sidpbate,  cliemical  reactions  of,  ii.  12  ; 

reduction  of  in  zinc  distillation,   ii. 


86,  196;     reduction  bj- electrolysi 
ii.  209  et  seq. 
sulphide,  chemical  reactions  of,   ii.  9- 
11  ;    reduction    by    electrolysis,    ii. 
213  et  seq. 
sulphite,   extraction  of   zinc  from,   bj- 

electrolysis,  ii.  216 
vitriol,  production  of,  ii.  237-240 
-white,  production  of  by  electrolj-sis, 
ii.  226-235  ;  composition  of  ores  con- 
taining, ii.  226 
Zincite,  localities  of,  ii.  15 ;   zinc  white 

produced  from,  ii.  226 
Zinkenite,  ii.  437 
Zinkstuhl,   of  the  old  Lower  Harz  lead 

furnace,  i.  365  n 
Zoppi,   on  precipitation  of  copper  from 
cupric  sulphate,  i.  241 
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